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INTRODUCTORY 


The exigencies of the Great War gave rise to many remarkable scientific 
and engineering developments. Not the least of these has been the 
production of helium on a commercial scale in the United States. Ten 
years ago helium was considered a rare gas and almost a scientific curiosity— 
to-day over twenty-five million cubic feet has been extracted, and airships 
have been filled with it—the realization of what a German scientific writer 
in 1914 referred to as a Utopian dream. 

Although the investigation of the possibilities of obtaining helium 
economically in large quantities was commenced in Canada in 1916 the 
greater resources of the United States both in supplies of rich helium- 
bearing natural gas and in the financial support forthcoming enabled 
them to accomplish the results set forth above. 

The original survey of Canadian resources was carried out under the 
direction of Prof. J. C. McLennan of the University of Toronto in 1916 
to 1919. Since that time further developments have taken place in the 
oil and gas fields of Canada and it seemed desirable to bring up to date 
our knowledge of the possible supplies of helium available, particularly 
as Canada is the only part of the British Empire where helium has been 
found. 

The following report gives a brief account of the resources, together 
with details of the methods employed in analysis and extraction, and an 
outline of the progress that has been made in the United States. Some 
possible industrial uses of helium are also reviewed. 

The results of this investigation show that the available supplies 
are insufficient to furnish the great volumes of helium that would be neces- 
sary to supply the commercial airships of five and six million cubic feet 
capacity that are now under construction in Great Britain. Whether 
or not other possible uses are of sufficient importance to warrant the 
extraction of smaller amounts of Canadian helium remains to be seen. A 
committee of the National Research Council of Canada has had the subject 
under consideration for some time and it is hoped that an experimental 
extraction station will again be put in operation to determine the most 
efficient processes to be applied to Canadian gases and to ascertain actual 
production costs on a commercial scale. 

The results of the necessary preliminary work, a survey of the available 
sources, are presented in this report. 
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CHAPTER I 
HELIUM AND ITS PROPERTIES 


DISCOVERY 


Helium was discovered! in 1895 by the late Sir William Ramsay, 
one of the most famous of British chemists and noted for his work on 
the rare gases of the atmosphere. He was struck by the discrepancies 
between the weights of equal volumes of nitrogen prepared chemically, 
and nitrogen separated from the air, which Lord Rayleigh observed in 
his study of the density of nitrogen, and the results of his experiments 
showed that the atmospheric nitrogen was heavier on account of the 
presence in it of a new inert gas which he isolated and called argon. Lord 
Rayleigh and Sir William Ramsay then separated larger quantities of this 
gas from air and studied its properties®. Its principal characteristics 
were its inert nature and its monatomic composition. It was found to 
be present in the atmosphere to the extent of one per cent. 


Ramsay then sought for other sources of argon. His attention was 
drawn to some work carried out in 1889 by the late Dr. Hillebrand,’ 
in which he found that an inert gas was given off from the uraninite mineral 
cleveite on boiling it with sulphuric acid. Hillebrand thought that this 
gas was nitrogen; 12 per cent of it certainly was. Ramsay repeated the 
experiment and examined the gas in a spectrum tube, expecting to see 
the argon spectrum. However, he was struck with the brilliancy of a 
yellow line which he could not account for, very close to the yellow lines D,; 
and De, which are due to sodium, and he asked Sir William Crookes to 
carry out exact measurements of the wave length of this line. His determin- 
ations‘ showed that this line was none other than the D; line, only previously 
observed in the chromosphere of the sun during a solar eclipse in India 
in 1868 by Janssen, and afterwards shown by Frankland and Lockyer 
to be due to a new element in the sun which they named Helium from the 
Greek Helios. 


This discovery of helium as a terrestial substance aroused much atten- 
tion. Ramsay pointed out the probable existence of three more inert 
elements which would complete the family of these so-called ‘‘rare’”’ gases, 
a prophecy which was wonderfully fulfilled in 1908, when he and Dr. 
Travers® obtained krypton, neon and xenon from the least volatile portions 
of a large quantity of liquid air. 


During the next decade much research was carried out on the occur- 
rences and properties of helium. It was found to be a constituent in small 
amounts of gases from mineral springs®; it occurred occluded in many 


1 Discovery of Helium, Chem. News, Vol. 71, p. 151, 1895, also Proc. Roy. Soc. London, Yel a pp. 65-81, 

1895. See also ‘'The Gases of the Atmosphere’? by ‘Sir William Ramsay, published by Macmillan, 1 
‘Argon, a New Constituent of the Atmosphere,’’ Lord Rayleigh and William Ramsay; es Roy. Soc. 

Toon’ Vol. 57, p. 265, (1892.) 

3 Hillebrand, W. F:: U.S. Geol. Surv., Bull. 78, p. 43 (1893). 

4 Crookes, William.: Chem. News, Vol. Tap. 151 (1895); also Vol. 72, p. 87 (1895). 

5 Ramsay. and Travers: Proc. Roy. Soc., Vol. 62, pp. 316 and 437 (1898). 

tSee under Helium Occurrences. 
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minerals!, and was present even in the atmosphere? to the extent of four 
parts in a million. In 1905, Cady and MacFarlane’, investigating a non- 
combustible natural gas at Dexter in Kansas, found 1-84 per cent of 
helium in the gas. This led them to the examination of other natura! 
gases from the same neighbourhood, and in most of them helium was 
found. Previous to this discovery, although helium was known to be 
widely distributed, it was always in such traces that it was regarded 
as a rare element. Even then helium was not obtained in commercial 
quantity. 


PROPERTIES! 


In spite of the difficulties of manipulation with the small quantities 
of helium available previous to 1917, its properties and physical constants 
were most thoroughly investigated. Before methods for its recovery from 
natural gas were established, the only method of obtaining helium was by 
heating or treating with sulphuric acid certain rare minerals and the cost 
of this gas was equivalent to about $1,500 per cubic foot. 

Helium has several remarkable properties which make it of great 
interest to the scientist. It will be of considerable industrial value from the 
commercial viewpoint, particularly when larger quantities are freely 
available. 

Helium is colourless and odourless, with a molecular weight of 4; 
hydrogen is the only substance known which is lighter in weight. The 
density of helium compared with air as unity is 0-1368 whereas that of 
hydrogen is 0-0696. This property, coupled with its non-inflammability, 
makes helium the ideal gas for filling balloons and airships. 

It is only slightly soluble in water or other liquids, a property which 
suggests great possibilities for its industrial usefulness. Helium is an inert 
gas and, until recently, no combinations with any other elements were 
known or could be made. Now, under special conditions, very small 
amounts. of a compound with mercury can be formed. It conducts heat 
better than any gas, with the exception of hydrogen, and this property 
may ultimately be turned to commercial advantage. Many observers 
have investigated its spectrum which is noteworthy for the brilliance and 
regular spacing of the lines, and their work has been the basis of many 
theories of atomic structure. On account of the relatively simple arrange- 
ment of the helium atom it has received much attention from the physicists. 
Another property that marks helium for distinction among the gaseous 
elements is its low boiling-point, which is 268-8° C. or 4-5° absolute. 
After ineffectual attempts to liquefy helium had been made by several 
experimenters, Kammerlingh Onnes? brilliantly succeeded at Leyden in 
1908. Prof. J. C. McLennan® and co-workers at the University of Toronto 
have since made large quantities of liquid helium, and have carried on 
investigations of the properties of many substances when surrounded by a 
bath of liquid helium, which gives the lowest temperature attainable. 


1 Ramsay, W., Collie, J. N., and Travers, M.: Jour. Chem. Soc., Vol. 67, p. 684 (1895). 

2 Ramsay and Travers: Proc. Roy. Soc., Vol. 62, pp. 316 and 437 (1898). 

3 Cady and MacFarlane: Jour. Amer. Chem. Soc., Vol. 29, p. 1524 (1907); and Kansas Univ. Geol. Surv., 
Vol. 9, pp. 228-302 (1908). 

4 For complete description of properties see Textbook of Inorganic Chemistry, by J. Newton Friend, Vol. I, 
pp. 298-322; published by Charles Griffin, London, 1917. 

5 Onnes, Proc. K.: Akad. Wetensch, Amsterdam, Vol. II, p. 168 (1908); also Compt. rend., Vol. 147, p 421 (1908). 

6 An account of this investigation will be found in several papers in Proc. Roy. Soc., Canada, Third Series, 
Vols. XVIII, XIX, and XX, 1924, 1925, and 1926. 
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HELIUM AND THE RADIOACTIVE ELEMENTS! 


One of the reasons why helium is of particular interest to the scientist 
and has been so closely investigated is because of its relation to the pheno- 
menon of radioactive disintegration. The fact is well established that 
radium, uranium, thorium, and the other less known radioactive elements 
emit certain rays which have great penetrating power and are made use 
of in certain therapeutic processes. These rays, of which three kinds are 
known, the alpha, beta, and gamma rays, result from the actual breaking 
down of the atoms of the radioactive element. In the course of time the 
residue resulting from this breaking down is found to be a new element and 
actual transmutation of matter has taken place. This process of radioactive 
disintegration is very slow, the rate varying for each element. 

Thus uranium slowly disintegrates giving radium; radium forms a 
series of products, eventually resulting in ordinary lead being formed. 
Rutherford, Soddy, and Ramsay? laid the foundations of these facts in a 
series of brilliant researches, and in the course of their many investigations 
it was shown that the alpha rays which were emitted by most of the radio- 
active elements were simply electrically charged helium atoms. After 
these had lost their charge they became ordinary helium gas. Therefore, 
the radioactive elements or any substances containing them are a source 
of helium. Subsequent research has shown that the radioactive elements 
are widely dispersed in the earth’s crust. Knowing the rate of decay of 
these elements, the rate of formation of helium can be calculated, and it 
can be shown that in the course of geological ages a sufficient volume of 
helium can have been formed to account for the existence of most of the 
helium that is known to be present in natural gas in certain fields in the 
United States and Canada. 


OCCURRENCES OF HELIUM IN NATURE 


It has already been stated that helium is found occluded in certain 
rare minerals containing uranium, radium, thorium, or some other radio- 
active element. Such minerals as pitchblende, cleveite, fergusonite, brog- 
gerite, and monazite were the commercial sources of helium previous to its 
recovery from natural gas. Sir William Ramsay’s researches on the rare 
gases of the atmosphere, showed that helium was present to the extent 
of four parts in a million. Investigations on the radioactivity of mineral- 
spring waters and the gases evolved from mineral springs proved that 
helium was a common constituent of these gases also. This subject has 
been very fully investigated by the French scientists, C. Moureu and 
Lepape.? One spring at Santenay gives off nearly 600 cubic feet of helium 
a year, mixed with larger volumes of other gases, and smaller amounts are 
evolved from certain other mineral springs. 

Reference has already been made to the work of Cady and MacFar- 
lane, who first observed the presence of helium in certain natural gases in 
Kansas. No particular attention was paid to this discovery at the time as 


1 For a complete discussion of radium and radioactive substances, see Rutherford, E.: Radioactive substances 
and their Radiations; Cambridge University Press, London, 1913. Russell: Introduction to Chemistry of 
phe as Substances; Murray, London, 1922. For data see International Critical Tables, Vol. I; McGraw-Hill, 


2 Ramsay and Soddy: Proc. Roy. Soc., Lond., Vol. 72, p. 204 (1903). 
3 The subject is fully treated in a lecture given by Prof. C. Moureu before the Chemical Society, London. ‘‘L 
Gaz Rares des Gaz Naturels,’’ Trans. Jour. Chem. Soc., Vol. 123, part 2, pp. 1905-1947 (1923). 
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no special need for large quantities of helium had arisen, but, as soon as 
the exigencies of the war brought forward the desirability of obtaining 
commercial supplies of this gas, investigations were commenced by the 
British and later by the United States Governments with the result that, 
to-day, the sources of helium on the North American continent have been 
thoroughly studied so far as the present known natural gas fields are con- 
cerned, and in the United States over twenty-five million cubic feet have 
been extracted from natural gas in Texas. 


THE ORIGIN OF HELIUM IN NATURAL GAS 


The origin of the helium found at least in traces in so many natural 
gases and minerals is a very interesting scientific problem. The relation of 
helium to the radioactive elements such as uranium and radium has been 
briefly referred to, as well as Sir Ernest Rutherford’s! investigations in which 
he proved that the alpha rays emitted by these elements undergoing dis- 
integration are charged helium atoms moving at a high velocity, which 
when the charge is neutralized become ordinary atoms of gaseous helium. 

A study of the distribution of these radioactive elements in the earth’s 
crust investigated by many observers and particularly by Joly? who has 
shown that these elements are distributed throughout the rocks composing 
the surface of the earth with great uniformity, though in small amounts. 

Knowing the amounts of the radioactive elements in a definite volume 
of the earth’s crust and the rates of disintegration the quantity of helium 
formed in a definite period of time can be calculated. In this way Rogers 
estimated that approximately 0-5 cubic feet of helium per annum per 
cubic mile is the average figure, and calculations of the probable helium 
content of a natural gas reservoir based on this estimate are in accordance 
with the facts. 

The modern theories advanced to account for the collection of and for 
the storage of natural gas and petroleum in domes and anticlines, carried 
from the places where they are formed, by the movement of underground 
water through porous strata until they are trapped in the higher formations 
from which there is no chance of further migration, are in accordance with 
the theory. The natural gas would have a sweeping out action onthe minute 
quantities of helium already existent in the rocks. 

There can be no doubt that the helium formed by the radioactive 
elements present in all rocks does leak away and migrate to the surface 
thus accounting for the helium present in the atmosphere. Such leakage, 
too, must represent by far the largest amount of the helium so formed. 

The great differences in distribution of helium in the various natural 
gas fields must still be explained. Some would suggest that there must 
have been a local concentration of radioactive elements in these districts 
where the richest gases are found. More reasonable explanations are that 
there is some particularly impervious strata which would favour retention 
of helium. Such a favourable structure as S. C. Lind suggests is a capping 
of shale with sufficient clay to afford a gas seal. So far, neither in the 
United States nor in Canada does any relation between certain geological 
horizons and rich helium-bearing gases seem to hold. Unfortunately very 


1 Rutherford and Royd: Phil. Mag., Vol. 17, p. 281 (1909). 


) 
2 Joly, J.: Radioactivity and Geology, Constable, London (1909). See also International Critical Tables, 
Vol. I, pp. 372-381 (1926). 
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little data have been collected on the nature and properties, porosity, 
density, composition, radioactivity, etc., either of the gas sand or of the 
capping in the richer helium-bearing natural gas wells. 

An alternative theory put forward by Rogers! is that the helium is 
of primordial origin and that it has no connexion with radioactivity. 
The arguments that are advanced to support the theory have some weight 
but in view of the more recent proofs that there is sufficient concentration 
of radioactive elements in the earth’s crust to provide the quantity of 
helium that is known to exist in the atmosphere and in rich helium-bearing 
natural gas reservoirs it does not seem so satisfactory an explanation 
as the previous one. 


HISTORY OF COMMERCIAL DEVELOPMENT 


The possibility of obtaining helium in sufficient quantity to fill British 
airships and balloons during the war was the suggestion of Sir Richard 
Threlfall in England in 1915. As a result of his representations to the 
Admiralty, Prof. J. C. McLennan of the University of Toronto was re- 
quested to determine if helium occurred in Canadian natural gas and if 
it could be separated. 

Early in 1916, representative samples of natural gas from most of 
the producing fields in Canada were examined. The results of the survey 
showed that there were two places in the Dominion where an experimental 
extraction station might be established, at Hamilton in Ontario and at 
Calgary in Alberta. Further examination of gases from all parts of the 
British Empire did not disclose the existence of any additional possible 
Sere) sources. The results of the survey were subsequently pub- 
ished.? 

In 1918 a small experimental extraction station was set up near Hamil- 
ton, Ontario, in which gas from the Blackheath field was treated. Prelim- 
inary experiments with a modified Claude oxygen column proved that 
- helium of a high degree of purity could be obtained. In the latter part 
of the year on account of the falling-off in the supply of natural gas from 
this field and the greater suitability of the gas from the Bow Island field 
in Alberta, the experimental station was moved to Calgary, where after 
the Armistice, from December 1, 1919 to April 17, 1920, a series of trial 
runs was carried out. 

In all about 60,000 cubic feet of helium of 60 to 90 per cent purity 
was separated. The plant was closed for lack of further financial support. 


THE UNITED STATES DEVELOPMENTS3 


As soon as the United States entered the war Dr. R. B. Moore and 
Col. G. A. Burrell of the U.S. Bureau of Mines, knowing of the British 
interest in helium and being acquainted with the work of Cady and MacFar- 
lane on the helium content of Kansas natural gases, were able to convince 
the United States Government of the great value of the possibilities of the 


1 The origin of helium in natural gas is fully discussed by G. Sherburne Rogers in U.S. Professional Paper 121, 
pp. 60-68, 1920, and more recently by S.C. Lind in. The Origin of Terrestial Helium and its Association with Other 
Saas Proc. Nat. Acad. Science, Vol. 11, No. 12, pp. 772-779 (1925). This section has been largely taken from 

ese papers. : 

2 McLennan, J. C. and associates: Report on some Sources of Helium in the British Empire, Mines Branch, 
Dept. of Mines, Canada, No. 522 (1920). 

3 The most recent and complete account is R. B. Moore’s Perkin medal address. Ind. and Eng. Chem., Vol 
18, pp. 198-211, Feb.1926. See also Moore,R.B.: Jour. Frank. Inst., Vol. 191, pp.145-199,Feb. 1921, and bibliography . 
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commercial production of helium, and an extensive investigation was 
commenced. Surveys by the U.S. Bureau of Mines and the Geological 
Survey showed the existence of several rich helium-bearing natural gas 
supplies. Large-scale extraction plants were experimentally operated 
by the Linde Air Products Corporation, by the Air Reduction Company 
and by the U.S. Bureau of Mines using the Jeffreys-Norton process. 
Such success was obtained that the first large supply of helium was awaiting 
shipment to France when the Armistice was declared. 

Since that date great progress has been made. From the results 
obtained in the three extraction plants it was decided in 1920 that the 
Linde process was the most successful and a plant to treat five million 
cubic feet of natural gas a day, was erected at Fort Worth in Texas. From 
April, 1921, to the present day, this plant has been operated with but few 
shutdowns. The different stages of the process have been again and 
again improved and the cost of extraction has been reduced from the 
initial cost of $500 per thousand cubic feet down to $24 per thousand cubic 
feet in June, 1925. The plant has been operated by engineers of the 
Linde Air Products Company in collaboration with the U.S. Navy auth- 
orities. 

The United States Bureau of Mines meanwhile carried on investiga- 
tions of all kinds on the physical constants of the lower hydrocarbon 
gases and of gas mixtures at low temperatures, obtaining data so necessary 
for the efficient design and operation of the extraction plants. Many 
other scientific and industrial problems were worked out and processes. 
for repurification of helium after contamination in the bags of the airships. 
were devised, and both stationary and mobile plants were erected and 
operated. 

A very complete and interesting account of the process of extraction 
and costs of production of helium was given in a paper read before the 
American Society of Naval Engineers by Lieut. Commander Z. L. Wicks.! 
High pressure storage tanks have been built to hold the surplus supplies 
of helium at the large airship stations. Cylinder railway cars capable 
of holding 200,000 cubic feet, have been the means of greatly reducing 
the cost of transport of helium from the extraction plant at Fort Worth, 
in Texas to the airship station at Lakehurst, New Jersey, and other points. 


1 Jour. Amer. Soc. of Naval Engineers, Vol. 37, No. 4, Nov. 1, 1925. 


CHAPTER II 


HELIUM SOURCES IN OTHER COUNTRIES 


It has already been stated that practically the only sources of a large 
commercial supply of helium are natural gases containing this gas in suffi- 
cient quantity to allow of its economic extraction. 

Although very few countries have no occurrences at all of natural 
gas, the greatest resources in the world are found on the North American 
continent. Comparatively little search has, therefore, been made in other 
parts of the world for helium because the available supplies of natural gas 
are small. The following paragraphs briefly mention those occurrences 


on record. 
AUSTRALIA AND NEW ZEALAND 


Although small flows of natural gas have been found in New South 
Wales and in North island, New Zealand, no commercial developments 
of gas have been established. The Australian gas so far as is known has 
not been tested. A number of samples from New Zealand were examined! 
in 1918. They contained only from 0-001 to 0-065 per cent helium. 


JAPAN 


Thirteen samples of natural gas in Japan have been investigated,? 
values of 0-002 to 0-007 per cent helium being found. Only one sample, 
the Yamagata gas, gave the higher result of 0-2 per cent. Nothing is 
known of the helium content of natural gas in China. 


PERSIA 


Natural gas which is obtained in great quantity together with oil 
from the Maidan-I-Naftun field in Persia has been found to contain no 
helium. This gasis remarkable for the large amount of hydrogen sulphide 
it contains (up to 13 per cent). 


RUSSIA 


No records of the helium content of natural gas in the oil fields ad- 
joining the Black sea are known. 


TRANSYLVANIA 


The natural gas fields in Transylvania are the greatest producers of 
natural gas in Europe and the most modern methods of utilization are 
applied, much of the gas being used for chemical manufacture. Czako? 
carried out investigations of the helium content of gases for this region, 
finding them to contain less than 0-01 per cent. 


GERMANY 


A few gases from bore-holes, mines, and springs have been examined 
and small percentages of helium found in them. 


1 Mines Branch, Dept. of Mines, Canada, Rept. 522, p 
2N. Yamada, Jour. Chem. Soe. , Japan, Vol. 43, p “B84, 1999). 
3 Czako, E.: Zeit. anorg. Chem., Vol. 82, pp. 261-368 (1918). 
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The chief potential source of helium in Germany is from the monazite 
sands used for the preparation of the cerium and other rare earth metals 
used in the incandescent mantle industry. 


ITALY 


A number of Italian natural gases were discovered to contain traces 
of helium, some years before the outbreak of the great war. One sample 
of gas from a well at Pisa, however, tested in 1918, contained no helium 


at all. 
FRANCE 


Very careful studies! have been carried out on the rare gases present in 
mineral spring gases, in the mine gases and in gas from bore-holes, and the 
relations between the quantities of the various gases present to the radio- 
activity of the sources were carefully investigated. No large commercial 
sources were found, although appreciable quantities of helium are given 
off annually from certain springs. 


GREAT BRITAIN 


The only well which produced natural gas in any quantity in England 
is at Heathfield, Sussex. The well is now exhausted. Gas from it, tested in 
1918, contained 0-21 per cent helium?. Bath Mineral Spring gas con- 
tained 0-16 per cent. 

SOUTH AMERICA 


The only natural gases from South America that are known to have 
been examined are a number of samples taken from wells in Peru which 
were tested in this Department in 1925. No trace of helium was found in 
them. 

UNITED STATES 


The United States possesses by far the largest resources of natural gas 
in the world and the annual output which in 1924 was approximately 
1,300 billion cubic feet is far in excess of the production in any other country. 
Canada comes second with a production of about 15 billion cubic feet. 
It is readily understood therefore why so much attention has been paid to 
helium resources in the United States, particularly as the original work 
of Cady and MacFarlane showed the possibilities of rich helium-bearing 
gases occurring in other parts of the country than Kansas. All the gas 
fields in the United States have been examined and much data have been 
collected on the available supplies of helium. An account of the early work 
was published in a most valuable report? which gives a very complete 
account of helium, its properties, occurrences, theories of origin, and the 
United States resources. 

Since then, the results have been kept confidential, although it is 
known that further rich sources have been found and that every year some 
six or seven hundred million cubic feet goes to waste in the natural gas 
which is not treated for the recovery of helium. Much of this helium could 
not be economically recovered but with only a few plants at least 50 million 
cubic feet a year could be obtained. 

1 Moureu: Jour. Chem. Soc. Trans., Vol. 123, Pt. e Es pee (1923). 


2 Mines Branch, Dept. of Mines, Canada, Rept. 5 
3 Rogers, G. Sherburne: Helium- bearing Nera Ghee "yy. S. Geol. Surv. Prof. Paper No. 121 (1921). 
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The following brief account of the main helium-bearing gas fields in 
the United States is taken from several reports and papers! that have been 
published in the last few years. 

The main helium resources occur in the Texas, Mid-Continent and 
Appalachian natural gas fields. In Texas the chief gas field is at Petrolia 
and it has been calculated that there was over 1,000 million cubic feet of 
helium in the original gas reservoir. However, the field has been drawn 
upon for a number of years and is almost exhausted. The Nocona field in 
this area is estimated to contain from three-quarters to two billion cubic 
feet of helium as yet untouched. 

In the Mid-Continent field the chief supplies of rich helium-bearing 
gas occur in El Dorado, Augusta, Dexter, Otto and Rogers fields in the 
state of Kansas. These are all small fields and partly exhausted. The richest 
gases, containing from 1-0 to 1-5 per cent, flow from sands 300 to 600 feet 
deep. The amount of helium obtainable from the fields in this area is 
calculated to be about 10 million cubic feet. In the Appalachian field, 
Vinton county, Ohio, there is an estimated supply of 75 million cubic feet 
from 200 small wells 1,700 to 2,400 feet deep, the gas from which contains 
only 0-4 per cent helium. 

Another rich helium-bearing gas field has recently been discovered in 
Mery county, Utah, in the Rocky Mountain area. The reserves in this 
field are about three billion cubic feet helium. The area is closed, by 
Presidential action, to public settlement, location, sale or entry. 

Further details of these fields are given in the publications already 
referred to. The United States authorities state that it would be quite 
possible to extract yearly 50,000,000 cubic feet of helium from gas which 
is being regularly used and this quantity could be greatly increased in case 
of emergency. They consider gas is commercial in grade if it contains 0-5 
per cent helium with sufficient volume to justify commercial operation of a 
separation plant. The Petrolia gas which is treated in the Fort Worth 
plant contains 0-94 per cent helium. A number of other localities in the 
United States are known, as already described, where gas containing over 
0-5 per cent helium can be obtained in commercial quantity. 


1 Rogers, G. Sherburne: Helium-bearing Natural Gas, U.S. Prof. Paper No. 121 (1921). 
oore, R_B.: Helium, a National Asset, Mining and Metallurgy, Aug. 1923. 
Bottom, R. R.: Helium Sources and Extraction Processes. Oil and Gas Journal, Vol. 23, p. 20, Nov. 20, 1924. 
Wicks, Z. W.: The Importance of Helium to the Petroleum Industry and the United States; Natural Gas, 
Vol. 6, pp. 10-13, Jan. 1925. 
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CHAPER Itt 
THE INVESTIGATION OF HELIUM SOURCES IN CANADA 


The preliminary survey made by Prof. J. C. McLennan in 1916-1918, 
showed that helium occurred in most natural gases in Canada. Very little 
information existed, however, of the helium content of gases from pipe- 
line systems in the various fields and of the most suitable locations where 
the maximum quantities of gas were available for treatment and at which 
extraction plants might be erected. Such data had been completed for 
the Bow Island field, Alberta when the Calgary helium extraction plant 
was installed but since that time owing to the partial exhaustion of this 
field and to the opening up of new fields which now supply the greater 
part of the gas used in Calgary, the situation has changed. 

In consequence, too, of the activity in drilling for petroleum in Alberta 
many new flows of natural gas have been opened up. Qimilarly in Ontario 
new drilling has been in progress, both in the older gas fields and in new 
areas, and it seemed desirable to carry out a thorough survey in con- 
junction with a comprehensive investigation of the natural gas resources 
of Canada. 

The following report gives a concise account of the results of this 
investigation. A brief outline of the field work and of the methods employed, 
followed by more detailed descriptions of the methods of analysis, particu- 
larly of the helum content of the gases precedes the results obtained. 


FIELD WORK 


The field work has occupied the greater part of the field seasons of the 
past three years. In the fall of 1923 a survey was made of the gas fields in 
central and southern Alberta. In 1924 work was carried on in June and 
July in Ontario; and in September and October in northern Alberta, and 
examinations were made of new wells in central Alberta. The gas fields 0 
Ontario were the subject of a more intensive examination in 1925 and the 
Stony Creek field in New Brunswick was also visited. 

‘At the various wells chosen as representative of the fields, determina- 
tions were usually made of the open flow, rock pressure, gasoline content, 
and specific gravity of the gas. Samples for analysis were collected and 
‘nformation was obtained of the history of drilling, depth and log of well, 
and of any other matters that seemed of importance. 

Duplicate samples for analysis were collected in one-gallon glass 
bottles, usually by water displacement, though for comparison some 
samples were taken by air displacement by ailowing the gas to pass through 
the bottle for at least five minutes. Subsequent analyses of samples 
collected by both methods proved that the water displacement method 
was the more reliable. Helium is so slightly soluble in water that no 
appreciable error gs caused by this method of sampling. Where larger 
quantities of gas were required and when the wells were large and under 
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high pressure, samples were taken in small gas cylinders. These were 
washed out four or five times by alternately filling with the gas to well 
pressure and blowing off and were finally filled at a pressure usuaily over 
500 pounds per square inch. 


LABORATORY INVESTIGATIONS 


All gas samples were examined quantitatively for helium, and their 
density measured. Complete analyses of the various constituents were 
made only on representative samples from the individual fields or from 
noteworthy wells. 


The Determination of Helium! 


The chief constituents of natural gas are usually methane, ethane, 
and nitrogen with smaller amounts of carbon dioxide, oxygen, helium, 
and the higher hydrocarbons. Hydrogen has seldom or never been found 
in natural gas. The hydrocarbons, methane, ethane, etc., as well as 
carbon dioxide and oxygen, can be removed by burning with oxygen and 
absorbing the carbon dioxide so formed in potash and the oxygen in pyro- 
gallol solution, or by liquefying them by cooling with liquid air or oxygen. 
The residual gaseous mixture of nitrogen and helium can then be separated 
in any one of three ways, viz., by sparking the nitrogen in the presence of 
oxygen, by circulating the mixture over heated calcium metal until further 
contraction in volume ceases, or by removing the nitrogen by absorption 
in activated charcoal cooled to liquid air temperature. 

These methods are fully described in the literature. The most suitable 
and rapid method for laboratory use is the latter one. 


APPARATUS 


The apparatus used for the helium analyses is illustrated in Plate I. 

It consists essentially of a drying-tube A containing calcium chloride, 
a condensation tube B, about 20 cms. long and 2-5 cms. in diameter, 
reduced to 1-2 cms. diameter at the end and graduated so that the volume 
of liquefied gas can be measured, a Toepler pump C, and mercury mano- 
meters Dand EB. A tube F, 20 cms. long and 2-5 cms. in diameter, con- 
taining about 20 grammes activated charcoal, is connected as shown in 
the plate, with a spectrum tube G, attached through a mercury trap H, 
and a Toepler pump J, to the final burette K, for measuring the volume 
of the helium separated. This burette K, is 0-5 cms. in diameter and 
60 cms. long. It has a volume of 5 cubic ems. and is graduated in hundredths 
of a cubic centimetre. On account of the narrow bore of the tube the 
helium has to be pumped first into the reservoir L, and then run into the 
top of the burette K, through the trap. Another charcoal tube M is 
joined up through the tube and mercury trap N, so that the helium from 
the burette can be passed into it, given a second purification and then 
pumped around through the spectrum tube back into the burette and 
re-measured. 


1 Mines Branch, Dept. of Mines, Canada, Rept. 522, pp. 22-27. 
U.S. Geol. Surv., Prof. Paper No. 121, pp. 41-42, (1921). 
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A gas analysis apparatus P, is included in the set-up, so that the 
arrangement could be used to make analyses of the hydrocarbon consti- 
tuents by partial liquefaction and fractionation. Other essential pieces 
of apparatus are the aspirators Q, of 2-5 litres capacity to hold the sample, 
the balance R, sensitive to 1 gramme, the thermos bottle 8, the spark 
coil T, the tubular electric furnace V for heating the charcoal tubes after 
analyses, and the mercury trough W for transferring the helium obtained 
from the measuring burette to the storage tube X. 


The apparatus is all sealed together and the various sections are 
separated by well-ground glass taps. 


PROCEDURE: 


The whole apparatus is first thoroughly exhausted and tested to see 
that there are no air leaks. Thermos bottles containing liquid air or 
oxygen are then brought up around the condensation tube B, and the char- 
coal tubes F and M. Ina few minutes a high vacuum is obtained and the 
spectrum tube will show only a green phosphorescence or will not allow 
any discharge at all. Readings of the manometers D and E are taken. 

Meanwhile gas is allowed to fill the drying tube A up to the top tap. 
The aspirator containing the sample is weighed, the second aspirator 
being held in such a position that the gas is at atmospheric pressure. 
The sample is then allowed to pass slowly into a condensation tube B, 
the tap V being closed. Usually a volume of about one or two litres of 
gas is used. The top drying-tube tap is closed, the gas in the aspirator 
and drying-tube brought to atmospheric pressure and the aspirator on the 
balance again weighed. The weight of water which has run in, is a measure 
of the volume of sample used. 

The manometer D, is read when equilibrium between the liquefied 
and unliquefied constituents of the gas mixture is attained. The difference 
between the initial reading and this reading affords an approximate measure 
of the volume of nitrogen and helium present. The volume of condensate 
is also recorded, by observing it when the thermos flask is removed for a 
few moments. 

When equilibrium is attained once again the second step in the process 
can be taken, that of transferring the uncondensable gases to the first 
charcoal tube F. 

This can be done in either of two ways, by pumping these gases by 
means of the Toepler pump C into burette P and subsequently passing 
the gases into charcoal tube F, or by opening tap V, for a few seconds 
and so allowing the gases in B and the connecting tubes to pass over into 
charcoal tube F, which is at a higher vacuum. If this is repeated three or 
four times it will be found that all the nitrogen and helium are washed 
out by part of the gaseous methane which vaporizes. The vapour pressure 
of liquid methane at temperatures between — 185°C. and —190°C. is about 
7 cms. mercury pressure and as gas is removed liquid methane will evaporate 
to maintain this pressure. Frequent tests have shown that this 
method of transferring the nitrogen and helium to the charcoal tube is as 
efficient as pumping them over and it has the advantage of being quicker. 

After a few minutes when the charcoal has absorbed all the gases but 
helium, the manometer E is read. The spark-coil key is depressed and the 
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spectrum of the residual gas is observed in G. After a little experience 
it can be told at once by the appearance of the discharge if all the nitrogen 
has been removed. Pure helium gives a brilliant yellowish orange discharge. 
Observation with a spectroscope should be made to verify the purity of 
the helium. Unless the charcoal has been used for a number of deter- 
minations and is becoming saturated with nitrogen, or unless a slight leak 
has developed, there should be no difficulty in obtaining pure helium as 
shown by its spectrum. It would be desirable to use a spectrograph at 
this point, and obtain a photographic record of the helium though this 
has not been done in our work so far. 

The U-tube H should be surrounded by a thermos flask containing 
liquid air to prevent mercury vapour entering the spectrum tube. 

The helium is then pumped by the Toepler pump J into the reservoir 
L until the charcoal tube, spectrum tube, and. connexions are completely 
exhausted and a hard vacuum is obtained. The gas is then transferred 
into the measuring burette by opening the tap and raising the mercury 
reservoir attached by rubber tubing to the bottom of L, and after bringing 
it to atmospheric pressure, by means of the mercury reservoir to which 
the burette and manometer by its side are connected, the volume is read. 

It is seldom necessary to re-purify the sample, although it can readily 
be done by transferring it from the burette into the charcoal tube M, 
when after allowing sufficient time for the impurities to be taken up by 
the charcoal, it can be allowed to flow into the spectrum tube, its spectrum 
observed and then pumped back into the reservoir and thence into the 
burette for re-measurement. This procedure has been frequently followed 
and with few exceptions the second reading checked with the first with a 
difference of a few thousandths of a cubic centimetre, the slight discrepancy 
being probably due to the retention of very small amounts of helium by 
the charcoal. Since the volume of the sample under known conditions 
of temperature and pressure, and the volume of helium also under known 
conditions of temperature and pressure are known the percentage can be 
easily calculated. 


The data obtained in a typical determination follow:— 


Sample from Simcoe, Ontario, Main pipe-line No. 25. 
Date of collection, July 9, 1924, 

Date of analysis, July 23, 1924. 

Barometric pressure 754-0 mm. Temp. 26-2°C. 


Test 1 Test 2 

WOL, Of paaiused sh id5 Hikes Wt. aspirator Grms. Grms. 
PIOIOPO ie Cae eid on ots 1, 468 2, 206 
Alter Aros. ELS Pe 2,206 3,355 
Difference Ai 727 eis tye ch, 738 1,149 
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Gauge Readings 


Condensation tube Charcoal tube 
— After sample After drawing | Before letting Before pumping 
is let in nitrogen off nitrogen in off helium 
Read- | Pres- | Read- | Pres- | Read- | Pres- | Read-| Pres- 
ing sure ing sure ing sure ing sure 
mm. mm. mm. mm. mm. mm. mm. mm. 
"LO@SG Ase kone wen 608 754 737 754 8144 High 811 754 
192 416 54 683 60 vac. 63 748 
416 338 683 71 754 748 6 
LOBE Sac ote se 613 754 toe 754 814, High 810 754 
186 427 58 674 60 vac. 64 746 
427 o21. 674 80 754 746 8 
(1) (2) 
DpellrTum siecle ss. Nae eee PE eC eer e votet brilliant brilliant 
State of vacuum after pumping off helium....... hard green hard green 
Volume helinm (OAH 2 a0, oso eee eee 2-88 c.c. 4-50 c.c. 
Volume samples. cab ds eae eee ae ee 738-0 c.c. 1149-0 c.c. 
Percentage of elim ies oe ae ee ee eee 0-390 0-392 


Condensate in liquefaction tube 
(1) (2) 
liquid, 1-0 ¢.c. vol. liquid, 1-5 c.c. vol. 
(none left at room temperature) 


SPoel : Pays oes ae, EY eae wd ues “Pah! pele a imeem | aad sweet sweet 
Specific gravity (1) (2) 
Wtsol density bulbiexhausted ch): Vee Ae pe. ee 10-7555 10-7565 
a 4 HCCIWiG GALT na jek anes mol hie eo 11-0540 11-0536 
‘ie ee es PAS seein) coe ses canoe 10-9513 10-9523 
Speciiic oravityie iu, coke ce coe eee 0-1958 
y 0-2978 = gies: 


With the foregoing arrangement of apparatus, using a relatively small 
sample of gas and being able to measure as little as 0-005 c.c. of helium, 
the method is rapid and accurate. An analysis can be made in about 
half an hour and good checks on duplicate samples can be obtained. 

With the addition of the measuring burette Z, the apparatus is suitable 
for analyses of all kinds of gaseous mixtures containing helium. 


Other Methods for the Determination of Helium 


The method described above is the most satisfactory for determining 
helium in natural gases or in gas mixtures in which it occursinsmall amounts. 
For helium-nitrogen, helium-air, helium-methane mixtures other methods 
are available and will be briefly referred to. 


THERMAL CONDUCTIVITY METHOD 


This method, originally developed in Germany, is based on the change 
in resistance of a heated platinum wire forming one arm of a Wheatstone 
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bridge, when exposed to a gas mixture containing a constituent which has a 
greater or less heat conductivity than a standard gas surrounding the cor- 
responding arm of the bridge. In the early stages of the war Prof. G. A. 
Shakespear of the University of Birmingham developed an instrument 
based on this principle for measuring the purity of hydrogen in balloons 
and for detecting small amounts of hydrogen in air. This instrument was 
adapted by Mr. V. F. Murray! for measuring helium in gaseous mixtures 
in the Admiralty Physical Laboratory in London, 1917-1919. About the 
same time Messrs. P. E. Palmer and E. R. Weaver? of the United States 
Bureau of Standards developed a somewhat similar instrument and their 
work has greatly extended the possibilities of this method of gas analysis 
for all types of gas mixtures of industrial importance. On account of the 
high thermal conductivity of helium, this method is of particular value 
for gases containing helium. A field method of determining helium in natural 
gas could readily be developed using the conductivity principle. The prin- 
ciple is invaluable in helium separation processes and instruments have 
been constructed by the United States Bureau of Standards to give auto- 
matic continuous records of the helium content of the various gas mixtures. 
being treated in the United States Government helium extraction plant at: 
Fort Worth, Texas, and in the various repurification units. 


INTERFEROMETER METHOD 


The interferometer method is more particularly adapted for the meas- 
urement of smallamounts of helium in air, or in a mixture, the constituents 
of which are known. The method has been thoroughly worked out for 
hydrogen-air mixtures’ and on account of the low refractive index of helium 
a similar procedure proved as satisfactory for helium-air! mixtures. This 
method, however, is limited in its application and is not so useful as the 
condensation method or the thermal conductivity method. 


DENSITY METHODS 


Where the amount of helium is required in a simple mixture of which 
the constituents are known, particularly when helium is the preponder- 
ating constituent, the measurement of density with an Aston micro-balance, 
an Edwards gas-density balance or even a gas-density bulb will enable the 
amount to be calculated. For a mixture of helium and two other gases the 
density of the mixture and the percentage of oneof them must be known to 
determine the percentage of each — assuming the qualitative composition 
is known, of course. This method has been used in determining the purity 
of helium in extraction processes. 


Gas Analysis® 


The determination of the other constituents of the natural gas samples 
was carried out by the ordinary methods of absorption for carbon dioxide 


1'V. F. Murray: Proc. Roy. Soc., Can., Third Series, Vol. XIII, Sec. III, pp. 27-35 (1919). 

?Palmer, P. E. and Weaver, E. R.: The Thermal Conductivity Method for the Analysis of Gases, U.S. Bur. 
of Stan. Tech. Paper No. 249 (1924). 

3 U.S. Bureau of Standards, Tech. Paper No. 113, 1918, gives many references. 

4 McLennan and Elworthy: Proc. Roy. Soc., Can., Third Series, Vol. XIII, Sec. IIT, pp. 19-25 (1919). 

5 Mines Branch, Dept. of Mines, Canada, Rept. 522, p. 69 (1920). 

* For complete discussion see: Sampling and Examination of Mine Gases and Natural Gas. U.S. Bureau of 
Mines Bull. No. 197 (1926). 
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and oxygen followed by combustion of the hydrocarbons after the addition 
of a measured volume of oxygen. A modified Orsat apparatus, as developed 
by the United States Bureau of Mines,! was used. 


Plate II illustrates the apparatus used. 

It was found that much time could be saved by using one set-up for 
the determination of carbon dioxide and oxygen and a second apparatus 
for the combustion analyses. The use of winches for hoisting and lowering 
the mercury reservoirs greatly facilitated the analysis. 

All the apparatus used both for helium determinations and for gas 
analysis with the exception of the graduated burettes were made in the 
Department’s workshops. 


1 U.S. Bureau of Mines, Tech. Paper No. 320 (1925). 
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CHAPTER IV 
NATURAL GAS FIELDS IN CANADA 


Natural gas has been found in commercial quantity only in the prov- 
inces of Alberta, Ontario, and New Brunswick. The petroleum and natural 
gas resources of Canada have been the subject of previous investigations 
by the Mines Branch, chiefly from the economic viewpoint, in 1912-1913 
and in 1922-1925; and by the Geological Survey, from the geological stand- 
point, since its establishment. Several reports have been published both on 
the geology of the oil and gas fields and on their economic utilization. A 
list of the main reports is given in the bibliography. 


ALBERTA 


The main gas fields in Alberta lie in the south and central parts of the 
province and are shown on the accompanying map. Natural gas is found 
in the northern part also but, owing to the sparsely settled nature of the 
country and the difficulties of transportation, exploratory drilling has been 
carried on only along the banks of the Peace and Athabaska rivers. In 
almost every district in Alberta where wells have been drilled the desire 
has been to find oil and only in a few fields has the opening up of good gas 
wells been the main object. The gas fields lie east of a line joining Calgary 
and Edmonton — the Turner Valley field, 40 miles southwest of Calgary 
being the one exception. The four most developed fields are situated 
near main railway lines; the Medicine Hat and Bow Island fields on the 
Canadian Pacific railway and the Wainwright and Viking fields on the 
Canadian National line. The gas from these fields is used for domestic 
and industrial heating and lighting; Medicine Hat gas for the city of 
Medicine Hat; Bow Island and the Turner Valley gas for Lethbridge, 
McLeod, and Calgary; and Viking gas for Edmonton. The total con- 
sumption reported in 1924 was 7,100,000 M. cubic feet and in 1925, 8,998,931 
M. cubic feet. This quantity is more than 50 per cent of the total con- 
sumption in Canada and it is increasing yearly. 


The Peace River Field! 


The Peace River field in which wells have so far been drilled covers an 
area half a mile in width on each side of the river and stretching from the 
town of Peace River to a point about 30 miles down stream. The first well 
was drilled by the Peace River Oil Company in 1916 on L. S. 4, sec. 31, 
tp. 85, range 20, west of the 5th meridian. During the following four or 
five years, the district experienced a small oil boom and a number of wells 
were drilled about 15 miles down the river and at Peace River itself. None 
of these wells produced oil in commercial quantity and after a short time 
most of them were abandoned and no further drilling was done. The costs 
of drilling were very great, mainly on account of the difficulties of trans- 
portation. Considerable money has been expended in the efforts to find 
oil in this neighbourhood and there has been practically no return for this 
expenditure, as not even large supplies of natural gas are available at the 


1 A fuller account of this field is given in ‘‘Invest. Min. Res. and Mg. Ind., 1924,’’ p. 103, Mines Branch, Dept. 
of Mines, Canada. 
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present time. One of the greatest handicaps has been the difficulty exper- 
ienced in shutting off the water. 


Transportation 


After the completion of the Edmonton, Dunvegan and British Co- 
lumbia railway in 1916, the Peace River district became easily accessible 
from Edmonton. The distance by rail from Edmonton to Peace River is 
310 miles and trains run twice a week. 

Supplies and drilling machinery, casing, etc., have to be transported 
from Peace River down the river by barge. The current varies from about 
8 miles an hour at high water to 4 or 5 miles at low water. However, there 
are no rapids or swift water until Vermilion chutes are reached, a distance 
of 250 miles. 

Geology 

The geology of both the Peace and the Athabaska River valleys has 
been investigated by R. G. McConnell in 1892, and by F. H. McLearn 
in 1917-1919, and reported on in several publications.1 

The gas reservoirs are found in sandstones which compose the lower 
part of the Loon River formation. The standstones are found at depths 
between 850 and 1,000 feet and are commonly separated by thin shale 
beds. McLearn states that it is probable that these sandstones thin out 
towards the north, as near Vermilion chutes, where the lowest strata of the 
Loon River formation outcrops, the sandstone is entirely replaced by shale. 


Character of Gas 


Although a heavy oil has been found in small amounts in most of the 
wells drilled, the gas carries no gasoline. The main constituents are mainly 
methane, about 80 per cent and carbon dioxide 15 per cent. The presence 
of this latter constituent in so large an amount is worthy of note. 


Analyses of Natural Gas from Wells in the Peace River Field, November, 1924 


Peace Canadian 


; : Tar Peace 
Victory River Petroleums, Ltd., Northern : 
—— Oil Co., Petro- Well No. 1 eG Pacific One 
a Rat Baar ES Fo a 4 ay oe - 
o. 1 tc Ss : ‘7 |Well No. 1 a 
WelliNo.1| sampled * Air-free |Well No.1 Well No. 2 
Sample No..y. aaeeeee 51 53 54 54 56 ive 55 
Depth of gas sands.. 1,530 | 840 to 857 1,145 to 1,258 |855 to 980 800 864 
Specific gravity....... 0-686 0-590 O8758 Treen eee. 0-750 0-572 0-712 
Constituents, per cent- 
Methane (CHy)..... SLA ae eae 56-35 78-2 16205 4S. anis sts lls aha 
Ethane (C2He)...... PANG, OLB Near (av rar 10-65 14-8 O99 TS neice ees ttre 
Carbon dioxide 
(GOs) yoo e a eee & 15-4 (alae eee 1-59 2-2 18°80, lbw sis:eint + citar 
Oxygen (O2)........ Or oC iMliciine alee D*OUL Ty 6 eae as NT 1 a eee ck wl ote 
Nitrogen (N2)...... O20 ah areetaen 25-55 4-8 4:16 [A eee 
Helium content..... 0-012 0-007 0-004 0-005 0-006 0-006 0-015 
Gasoline content.... Weare ered ca Prem te ede he Nil ING) c.g c sigs ease eee 


Hydrogen sulphide.|Present in all the gases. 


* The sample was taken from a separator erected by the company to obtain gas for drilling No. 2 well. The 
pipes were badly corroded by the action of the salt water and it is probable that air was drawn in and mixed with 
the gas. Density measurements made at the well, gave high results and the gas burned with a non-luminous flame 
as though it contained air. 


1 McConnell, R. G.- Geol. Surv., Canada, Ann. Rept., Vol. V, pt. D (1890-91). 
McLearn, F’. H.: ‘‘The Cretaceous of Peace and Athabaska Valleys,’’ Geol. Surv., Canada, Mem. 116, pt. III 
(1919). Also Geol. Surv., Canada, Sum. Rept. 1918, pt. C, pp. 1-7. 
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Helium Content and Quantity of Gas 


In six wells tested the gas averaged about 0-07 cubic feet of helium 
per M. cubic feet of gas, or about 0-007 per cent. No large quantity of 
gas is available at present. 


The Athabaska River Field! 


Natural gas has been found at widely distant points along the Atha- 
baska river, at Athabaska Landing, at Pelican rapids, at House river, and 
in small showings in several wells drilled north of McMurray. Several 
gas springs at Little Buffalo river and other points near Grand rapids have 
been reported. No drilling has been done at points inland from the river and 
the extent of the area in which gas might be found is not definitely known. 
The wells drilled in this field have been free from the water trouble that is 
such a handicap in the Peace River field. 


Composition of Gas and Available Supply 


Samples of gas were collected for analyses from each well from which 
there was a flow. Tests for the gasoline content using the charcoal absorp- 
tion method were also made in every case with negative results. 


The results of the analyses are as follows :— 


eae Pelican Rapids 
anding, 9 |—————-- 
———— poten Upper wells Lower well the 
well No. 1 No. 2 No. 1 
PSII DIG UN Glen cele ces oF + a ae iele Sots Be 58 62 Goik T) Vatiaeare aac’ 60 
enti OF CAN BANGS........ss nea 334, 780 SOU Een eh Sieh cities Sets 820 600 
RGCATAG PPANIEV. «1 yo5 25 hice oe he ae 0-569 0-579 0-588 0-569 0-618 
Constituents, per cent— 
MethanentOHa)iy iis. eed ws 94-80 OF 2 SUN aoe, cues 83-5a 70-4b 
Wee AMen crsblghiic corse iss. gas 3 2-01 LEZ 71 hl pia ct tele RENE Ee. 15-1 
Carbon dioxide (COs2).......... 0-34 Oe7 Oi Wi eh stn anes 1-0 2-6 
MPS VOMEICC IS) cds 2h sb css. ce den 0-51 OTe Pee sae oer 2-9 Nil 
Be idteamet (Na) soi. eee ces oaks Be OA Ves wi roll WEN dels eth Sa 12-6 1i-de 
PISUUUESONTEDE 65.2 csc ae ce sees 0-022 0-016 0-019 0-012 0-006 
SPReOUMELCONLONG. t.. ... ay dss gael «ddan es cco Nae once Nil Nil 


a Analysis by E. Stansfield. Sample taken by F. H. McLearn, July 1916. 
b Calculated air-free. 


Gas in commercial quantity can now be obtained from only one well 
at the Lower Pelican location and one at the Upper Pelican. These two 
wells have a rock pressure of about 300 pounds per square inch and ‘an 
open flow of about 3 or 4 million cubic feet each per day. If an increased 
supply were required new wells could be readily drilled. 

The average helium content is about 0-2 cubic feet per M cubic feet 
of gas; therefore the field is of no value as a source of helium. 


1 Mines Branch, Dept. of Mines, Canada, Natural Gas and Petroleum in Northern Alberta; Invest. Min. Res. 
and Mg. Ind., 1924, p. 112. 
Geol. Surv., Canada, Ann. Rept., Vol. V, pt. D (1890-91). 
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Wainwright Field! 


This field lies about 100 miles southeast of Edmonton, between 
Irma and Wainwright and near the main line of the Canadian National 
railway. It has attracted considerable attention during the last three or 
four years and although no large oil-producing wells have been found, 
drilling is still in progress. So far about 15 wells have been drilled and 
several of them have given large flows of natural gas or small yields of oil. 
No estimates have been made of the possible gas reserves. The geology of 
the area has been carefully studied by G. 5S. Hume of the Geological Survey, 
and several reports have been published.1 

At present there is no large demand for the gas as Edmonton is already 
supplied from the Viking field. A pipe-line system has been planned to 
supply the town of Wainwright. 

The gas sands are usually struck at 1,700 to 2,000 feet. The open 
flows and well pressures of the different wells vary greatly. 


Character of Gas and Helium Content 


The gas is a dry gas containing about 88 per cent methane and 4 per 
cent ethane. The average helium content is only about 1-0 cubic feet per 
thousand and on that account the field does not warrant consideration for 
the possibilities of helium recovery. 


The following analyses have been made:— 


Wee (rut (laisse CORRE Rebee . IV RRM cee rea 
Sec. | Tp R Feet | CHa} CeoHe | CO2 |] Osc Ne 7o 
British Petro- 
leums No. 1.... 36 45 7 | 2,010) 87-3 4:4) 03+) 9120°|) '7-0 4.02629 1 
British Petro- 
leums No. 8.... 29 45 6 | 2,140} 86-8 10:8 | O-do 0-1: 1° 2-24) -7G-Git 0-082 
British Petro- 
leums No. 4.... 30 45 6 | 2,036] 92-2 2:01] 0:3} 0O-2| 4-4] 0-584 0-109 
Maple Leaf (il 
Co; Nove oe 24 45 8 | 1,720) 90-0 ea Naked 0-1] 2-7-| 0-599 0-096 
Maple Leaf Oil 
Co, NO ae 24 A5 8 352| 94-1 hs Dele Od Woes ee 1-7 | 0-579 0-076 
Imperial Oil Co., 
Fabyan No. 1.. 18 45 7 | 2,205!) 88-6 2:6} 0:3 | 0-8] 7-7} 0-610 0-060 
British Petro- 
leums No. 2.... 30 45 OS 2 O10) Ter ad hiker Ria eta een cette seat tee 0-577 0-110 
Imperial Grattan. 4 45 S| TRE ARAN catia Sods Soe EU omen ee / = Oe 0-600 0-091 


The Viking Field 


The Viking field is situated about 80 miles southeast of Edmonton and 
is close to the main line of the Canadian National railway. The field is 
probably a local fold developed near the western edge of the terrace structure 


meee G.S.: ‘‘Notes on Developments in the Wainwright Field, Alberta, Geol. Surv., Canada, Sum. Rept., 

pt. B, 1925. ; 

i eee nt T.: ‘‘Natural Gas in Alberta,’’ Mines Branch, Dept. of Mines, Canada, Invest. Min. Res. and 
g. ind., 1Dal8s 

(A iy C.: ‘‘Petroleum and Natural Gas Development in Alberta,’’ Can. Inst. Min. Met., Bull. 168, p. 482 
pril, ; 
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described by G.S. Hume. The first wells were drilled in 1914 although the 
gas was not used until 1923. There are two gas horizons, one at about 
2,150 feet and a second at 2,350 feet. At present there are 12 wells drilled 
with a rock pressure of about 700 pounds per square inch and an average 
flow of about 5,000 M. cubic feet per day. 

A pipe-line, 10 inches in diameter and about 80 miles in length was 
laid to Edmonton in the summer of 1923, also supplying a few small towns 
along the line. The consumption reported in 1924 was 954,221 M. cubic feet. 


Character of Gas and Helium Content 


The gas is a dry gas consisting of 92:5 methane and 3-5 per cent 
ethane. The helium content of both of the individual wells tested and of 
the pipe-line gas is about 1-2 cubic feet per thousand cubic feet (0-12 per 
cent). The gas from this field, therefore, does not warrant consideration 
for extraction purposes. 


The Many Island Lake Field 


Location and Extent 


The field is 40 miles east of Medicine Hat and is probably an extension 
of the Medicine Hat field. Six wells have been drilled in township 14, 
range 11, but only one of these has struck gas in large quantity. The gas 
sands are found at a depth of 1,300 to 1,500 feet. Little geological work 
has been done in this area and the extent of the field is not yet defined. The 
gas so far found has been in too small a quantity to warrant much consider- 
ation of its use. The establishment of a carbon black plant has been pro- 
posed. No pipe-lines have been put down. 


Character of Gas and Helium Content 


The gas closely resembles that from the Medicine Hat field and is 
composed of about 95 per cent methane and 5 per cent nitrogen. The 
specific gravity is 0-59. The helium content (two wells tested) is about 
0-7 cubic feet per M. (0-07 per cent). 

No gas is available at present and the field is of no interest for helium 
production unless richer gases are found. 


Medicine Hat Field! 


The proved gas area in the vicinity of Medicine Hat covers about 40 
or 50 square miles and it is believed that future drilling may open up wells 
to the northwest of this area. 

There are two gas horizons in this field, one at 600 to 800 feet and the 
other, the larger reservoir, at 1,000 to 1,200 feet depth, the gas coming 
from the Milk River sandstone. At present about 30 wells have been 
drilled in the area, and 2 or 8 are being drilled. 


(A arte C.: Petroleum and Natural Gas Development in Alberta, Can. Inst. Min. Met. Bull. No. 168, p. 484 
pril, ; 
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Use 
Gas from the wells is used for domestic and industrial consumption 
in Medicine Hat and Redcliff. The wells are scattered over the outskirts 
of the city and there are a number of small diameter pipe-lines, there being 
no large main pipe-line conveying the greater part of the gas to the city 
as there is for Edmonton and Calgary. The total consumption in 1924 
was 1,966,567 M cubic feet. 


Character 
The gas is a dry gas of specific gravity 0-56, and the chief constituent 
is methane (95 to 98 per cent). The helium content is about 1-2 cubic 
feet per M (0-12 per cent). 
Analyses: Medicine Hat and Many Island Lake Fields 


Location Depth Constituents ap 


Helium 
Well EEE MAE TIS TN Fl mien Hy METRY RT aT apaaS EN Tks or 
Sec Tp R Feet | CHs| CeHe | COxe O2 No 3 “ 
Medicine Hat city 
PASM. cee ee 12-13} 5-6 { 800} 97-8 O387| 2084) ere 1-5 | 0-565 0-116 
1,000 


Canadian Ameri- 

can Oil Co. Well 

Nott Bcc 19 14 1 | 1,200} 96-3 0-5| 0-5] 0-38] 2-4] 0-578 0-067 
Medicine Hat De- 

velopment Co. 


nh eee es 19 14 1 | 1,350) 95-6 Nil 0-2; O-1 4-1 O-D74 hee eae 
Community Oils 
Now ligeeecm ans 19 14 1 | 2,471) 95-3 Nil 0:9} Nil 3°8 0-567 0-060 


Sweet Grass Field 


The Sweet Grass field in southern Alberta covers a strip of country 
adjacent to the International Boundary in the neighbourhood of the 
town of Coutts. The development of the Kevin-Sunburst field in Montana 
in 1920-1921 gave rise to much activity on the Canadian side of the border 
and a number of wells were drilled in 1922-23. No oil in commercial 
quantity was found and only one well, the Rogers-Imperial (Canadian Oil 
and Refining Co.) has given much gas. It is reported to have a flow of 
50,000 M cubic feet per day, and was struck in May, 1924, at a depth of 
2,530 feet. The rock pressure is 1,180 pounds per square inch. ‘The gas 
comes from sandstone of Kootenay age. There is the possibility of a large 
gas field in this area. 

No use has been made of the gas and as yet there is no domestic 
demand. No pipe-lines have been laid. 


Character of Gas 


The gas is a dry gas of specific gravity 0-57 and is composed of 94 per 
cent methane, 2 per cent ethane, and 3 per cent nitrogen. The helium 
content is 0-9 cubic feet per M (0-09 per cent). 
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Quantity of Gas Available 


At present the Rogers-Imperial is the only well that gives much gas. 
The helium content is too low, however, to make the gas of value as a source 
of helium. 


Foremost Field 


This area is in southern Alberta between the Bow Island and the 
Sweet Grass fields, near the town of Foremost on the Canadian Pacific 
railway southeast from Lethbridge. A well located in Etzikom coulee 
was drilled in 1915 by the United Oil Wells Limited, in which large volumes 
of gas were struck but no oil. Water was allowed to drown out the gas 
and nothing further was done. In 1923 the Canadian Western Natural 
Gas, Light, Heat and Power Company drilled two wells to the northwest 
and southeast of this first well to test out the field. Both wells gave 
large flows of gas and little water was encountered. Seven other wells 
have since been completed and all have yielded large supplies. ‘There are 
three productive sands in the Colorado shale and it is believed that there 
is a large gas reservoir in this area. 


Particulars of Wells 


These were drilled by Canadian Western Natural Gas, Light, Heat 
and Power Company. 


Depth Rock Open flow Helium 


Well No. sand pressure sale Ne mre bevel M pape 
ea ee Le ares ioe eh oe s ccae Gos 2,181 to 2,191 660 17,000 2-0 Oct. 1923 
BLES tenn NE a Ses WEEE 2,190 660 7,500 1-9 April 1925 
ic anes MON ME Tere rekae voce Fe 2,019 600 2,000 2-1 April 1925 
Ah ets ite de chats em arena be eke tt 2,100 700 23,000 1-8 April 1925 
Gee MeL, |: SATO Phe EE OREN. 2,207 600 11,000 |Not tested 
DARN WOES 6 <> ahi ale coe gan 8 2,200 585 1,330 uF 


The gas is a dry gas of specific gravity 0-610. The main constituents 
are 94 per cent methane, 1 per cent ethane and 5 per cent nitrogen. The 
average helium content is 2 cubic feet per thousand cubic feet of gas. 


Available Supply 


__ .A pipe-line 40 miles long and 10 inches in diameter was laid in 1923, 
joining up with the Bow Island pipe-line to Calgary at Burdette. Until 
the recently obtained large supply of gas from the Turner Valley field 
was made available for Calgary this field was of great value. 

The actual quantity of gas passing through the Foremost pipe-line, 
reported by the Canadian Western Natural Gas, Light, Heat and Power 
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Company for October, November, and December, 1924, was 581,515 M 
cubic feet and on this basis averaged 200,000 M cubic feet a month in the 
early parts of 1925, or a total production of 1,200,000 M cubic feet for 
six months. 

Assuming that helium could be extracted from a natural gas containing 
as little as 2 cubic feet per thousand and allowing 80 per cent recovery, 
the quantity of helium that could be obtained from the six months’ total 
production is approximately 2,000,000 cubic feet. 

On the basis of taking 25 per cent of the total open flow per day 
from the wells the possible recovery of helium would greatly exceed this 
figure. However except in cases of extreme need it would not be economic 
to process this amount of gas for helium recovery unless there was an 
economic demand for the treated natural gas. Under present conditions 
in Alberta that possibility cannot be considered and the maximum pro- 
duction of helium stands at the lower figure of 2,000,000 cubic feet. 
Moreover, this quantity is based on the assumption that a natural gas 
with such a low helium content can be economically treated for its recovery; 
a fact which could only be proved by large-scale experiments. 


Bow Island Field 


The Bow Island field situated in the centre of southern Alberta has 
been drawn upon since 1908 and is therefore one of the oldest gas fields 
in western Canada. It covers an area of about 20 square miles and the 
eighteen or twenty wells that have been drilled lie along and near the south 
bank of the Saskatchewan river. The original rock pressures in this field 
were about 700 to 800 pounds per square inch and open flows of seven 
and eight million cubic feet a day were common. The principal supply 
of gas comes from sands in the Benton formation at about 1,900 feet, 
although a small amount is obtained at 800 to 1,000 feet in the Belly River 
shales. 

During the last few years the gas supply has greatly diminished and 
many of the wells have suffered from water. During the summers of 
1923 and 1924 a number of the wells were cleaned out and afterwards 
closed in, thus allowing a supply to build up for use during the winter 
months. A report made by engineers appointed by the Public Utilities 
Commission of Alberta showed that this treatment greatly benefitted 
the field. It was found that the field would give an open flow of 17,000 
M cubic feet per day and that 12,000 M cubic feet at 60 pounds pressure 
might be fed into the line for short periods. In three years, from 1917 
to 1920, the rock pressure dropped from 615 pounds per square inch to 
204 pounds. 

Use 


The gas delivered by collecting pipe-lines from the various wells, 
after passing through a central measuring station, enters the 16-inch 
main pipe-line running from Burdette to Calgary, a distance of 160 miles. 


Helium Content 


Gas from a number of the Bow Island wells was analysed during the 
years 1916 to 1918 by Prof. McLennan and Mr. J. Patterson. Since that 
time a number of the wells have been abandoned. In March 1925 a further 
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set of samples were collected and analysed. The results of both these 
surveys are assembled in the following table:— 


Rock Open flow Helium 


Well No. pressure | Sept. 1923 content Date tested 
1923 M cu. ft. |cu. ft. per M 
ee ee oe eee ae eee 201 1,901 2-9 April 1916 | J. C. McLennan 
as 18s eR ea eee pA ES coe eae 2-92 Mar. 1925 | R. T. Elworthy 
te 2 as SPB LAE gm 198 1, 566 2-98 Mar. 1925 | R. T. Elworthy 
Se AS erenaae orale SUS RS bavale wan ctuiee ats ba salbioels Witots & 2-9 April 1916 | J. C. McLennan 
es kid siete ey ee ea cl eg. oss 207 1, 802 2-98 ar. 1925 | R. T. Elworthy 
Gl ANC HOUGUGIN AIDEETAl(.. 3, couches lech ow accee 3-0 Dec. 1918 | J. Patterson 
1a nar REI oR E > vee Waa ue aac hare MANE | MMR EAT AE HEB 3-4 April 1916 | J.C. McLennan 
LD RA ate naw recto A Chae 178 623 3-33 Mar. 1925 | R. T. Elworthy 
BATE das ee CAO he 171 538 3°3 Dec. 1918 | J. Patterson 
Gas from pipe-line at Cal- 
ALS Ae Ce ree tit Re Pace a hres il argmiucd sip ciepeteia 3°3 April 1916 | J. C. McLennan 
Gas from pipe-line at Cal- 
BOT Cs Vaan eee A Soa Yi Oe Meigs chek 0-16 Oct. 1924 | R. T. Elworthy 
Gas from pipe-line at Leth- 
cepts CaM Cul} fate ip lial FU gal boy Neha LS (ae Pa 2-84 Mar. 1926 | R. T. Elworthy 


(a) Gas then obtained only from Bow Island field. 


(b) This gas is mainly from the Turner Valley, with a small amount from the Bow Island 
and Foremost fields. 


(c) This gas is a mixture of gas from the Bow Island and Foremost fields. 


The average helium content of gas from the Bow Island wells would, 
therefore, run about 3 cubic feet per thousand cubic feet of gas. 


Gas Analyses 


The following analyses show the character of the gas from this field. 
Samples from Foremost and Chin Coulee (Barnwell) are included. 


ett Location Depth Constituents Sp. Tatas 
Seow |i'Tp.|iRu| Feet |.CH, | CaHe | COs |)-Ose| Ns %o 
Bow Island— 
Well No. 3.2.2.2: 9 11 | 11 | 1,887) 89-4 2-8 Oa ioe. 7-4 0-602 0-298 
eh apaetnc 17 11 | 11 | 1,879} 91-2 LOM eee 7:6 0-591 0-291 
ge Que s 24 11 | 12 | 1,911] 88-6 DAREN ara A 0-4 8-7 0-604 0-337 
ef 1S aha ois 10 | 12 | 2,146) 89-1 16 oe3 dee 0:2 9-1 0-609 0-333 
Chin Coulee— ER 
Well No. 1...... 4 31 9 | 17 | 2,166} 84-8 1-6 0-2 ital || PAG 0-621 0-386 
As DOSE eres 31 OCR br Gah | Ae ae 87-9 S21 erode ees te: less cient 0-36 
Foremost— 
Well NO. 1.5... 1 6 | 11 | 2,191) 90-9 0-6: eiaiialaeee 8-5 0-592 0-225 
me EP ete Fae 12 6 | 11 | 2,100) 97-0 0:5 SS Wy iid Siege 2-2 0-644 0-213 
Pech bridge pipe-line). ..24.-| sss. -bes<>leeenes 83-8 Ses ae 0-1] 13-3 | 0-624 0-28 
Calgary city main, 
POLO Are A PEE UCN, Vita labat aids 9166 WGN Te eet 0-2} 8-2] 0-59 0-30 


1 All these wells are operated by the Canadian Western Natural Gas, Light, Heat and Power Co. 
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Quantity of Gas Available 


The following production figures have been supplied by the Canadian 
Western Natural Gas, Light, Heat and Power Company for the year 1924. 


M cu. ft. M cu. ft. 

JANUALY 1 tietu seule s ss eriseewrs «te 133, 514 Salo 2 in eee sl ctoieieae aerate 18, 422 
eDruary (tyro pieces onto se ne 51, 502 AUSUSH Ieee eee ee nto ree 28,877 
Marche eee cucane oe ae cere 45, 254 September. vic. aes scenes 31, 854 
Apr NAT a aks deere oe eines 42,093 October... heuer cusheresee aerate 66, 234 
AN Ey al PRN ho A Ok Aa 20, 840 Novemibervie er: seas aac cme cad 19,111 
PURE re ects ote oe aera lees eta 51,441 Décem bers Flees ava keenest. 17, 282 

"Total ae ec nverclaeuckeeaters 526, 424 


If a recovery of 80 per cent of the total helium be assumed, the yearly 
production would amount to approximately 1,250,000 cubic feet. 

However, the wells in this field are nearly exhausted and it is probable 
that the production will decline year by year, particularly as no more 
drilling is being carried on. 


The Chin Coulee or Barnwell Field 


The Chin Coulee field is about 50 miles to the west of the Bow Island 
field, and on the main pipe-line to Calgary. It is located on a more or less 
pronounced structure occurring on what is known as the west limb of the 
Sweet Grass arch. Although eight wells have been drilled, gas has been 
obtained in only four of them and to-day only two wells are in use. The 
field is not regarded as exhausted but no further drilling is expected to be 
done at present. It is operated by the Canadian Western Natural Gas, 
Light, Heat and Power Company. The gas from wells No. 1 and No. 7 1s 
put into the main Bow Island-Calgary pipe-line during the winter months. 


Helium Content 


Gas in this field was examined in 1918 by Mr. John Patterson and 
found to be the richest in helium of any in Alberta. Samples were also taken 
in March 1925 and tested. The results were as follows :— 


ee ee ee ee eee le ee ee 
————————— 


; Rock Open Helium 
Well No. Depth reeeeire aw EE Date tested 
feet Ib. per sq.) M. cu. ft. |cu. ft. per M 
in. 
DB cia ax LEGG eno Se ips dle Blais [ie Saha a dee Bell ree tne En eae alg erirats 3:6 |1918 J.P. 
Li te eer cut ane aes eae 2,200 215 800 3-8 |1925 R. T.E. 
Lat pete eke uterioctes taaien wate a ste 2; 155 300 700 4:0 |1925 R.T.E. 


Amount of Gas Available 


In 1924 only 27,424 M cubic feet of gas was taken and that only in 
the winter months, according to reports furnished by the Canadian Western 
Natural Gas, Light, Heat and Power Company. The quantity of helium 
in this gas, assuming an average content of 3-8 cubic feet per thousand, 
would be approximately 104,000 cubic feet. This amount is too small to 
make the field of any value as a source of helium. 
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Turner Valley Field! 


This field is situated in the foothills of the Rocky mountains to the 
southwest of and about 40 miles from Calgary. It is to-day the chief oil 
field in Canada. Wells were first drilled in 1914 and great interest in its 
possibilities was aroused. These were not realized, however, and little 
attention was paid to the field until the Imperial Oil Company in drilling 
the Royalite No. 4 well in September, 1924, after several years of persistent 
effort, opened up the biggest oil well so far found in Canada. At 3,740 feet a 
flow of wet gas amounting to over 20,000,000 cubic feet per day was struck 
and due to the tremendous pressure the well went out of control and event- 
ually caught fire. The difficulties were soon overcome and for more than 
a year the well has yielded 500 barrels a day of light oil. Several new wells 
are now being drilled and a number of the old wells are being deepened and 
it is anticipated that the field will become of great importance. Even in 
1924 the production of oil from this field, almost entirely from Royalite 
No. 4, was greater than the total Canadian production from all other fields. 

For a number of years previously, four or five wells were producing 
some 4,000,000 cubic feet per day of gas which was treated to remove its 
gasoline content and then piped into the Bow Island-Calgary pipe-line at 
Okotoks, 15 miles away. 

These older wells drilled to about 3,000 feet, obtained their gas from 
the Dakota and Kootenay formations. The newer deep reservoirs are in 
dolomite limestones. On account of the folded and disturbed nature of the 
formations drilling in this area is difficult and expensive. 


Character of Gas and Helium Content 


The gas is a wet gas yielding two or three pints of gasoline per thousand 
cubic feet. The chief constituents are, methane 70 per cent, ethane 28 per 
cent, and nitrogen 1 per cent. The helium content is unfortunately low 
being only about 0-1 cubic feet per thousand. Gas from the deep horizon 
in Royalite No. 4 contains only 0-009 per cent of helium. 


The following analyses have been made:— 


a 


Location Depth Constituents Sp. |Helium. 
Wells | | __————qcKX“]| Gr. % 
Sec. | Tp. | R.| Feet | CHs| C2Hs COz | O2 | Ne 


a | | | | | nn 


Southern Alberta,Well 


BOO AS a. 18 20 | 21 3,575 | 52-0 45-1 | 1-4] 0-8] 0-7| 0-86 |........ 
Illinois, Alberta, Well 

iS, RR ee 12 20 | 2) 3,088 | 67-4 80:0 | 1-0] 0:2) 1-4) 0°72 |..2..0 
McLeod Oil Co., Well 

ene iss eel, gh), St 1 201} 3) 2,397 | 32-1 66-4} 1-1] 0-5 DeSOd ts. oan. ts 
Royalite Oil Co., Well 

‘cde Dep aeeeeet I, annem 20 AN i lek fay bas he CUR fag We 25-9 | 2-1 | 0-3) 0-9} 0-70 0-03 
Royalite Oil Co., Well 

0S FS ea 20 20; 21] 2,880 | 67-2 808 fi c-Fes) 8-8/0: 71 0-061 
Royalite Oil Co., Well 

DTP ey a yas wiv aces «3 7 OO a Nias oie 69-6 26-7 | 1-8 | 0-5) 1-4] 0-712 0-009 


I 


eth C.: ‘Petroleum and Natural Gas Development in Alberta,’’ Can. Inst. Min. and Met., Bull. 168, 
Pp. 6). 

Also Slipper, S. E.: ‘‘Sheep River Gas and Oil Field,’’ Geol. Surv., Canada, Mem. 122 (1921). 

25416—3 
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All these gases carry gasoline which is recovered by the oil-absorption 
process by the Royalite Oil Company and by the Jennings Refining Com- 
pany. Hydrogen sulphide is an impurity, particularly in the gas from the 
deeper horizon and a Koppers purifying plant has been installed to treat 
the gas before it is piped to Calgary. The pipe-line is 10 inches in dia- 
meter, and was laid in 1925. Although large quantities of gas, up to 10 or 
12 million cubic feet per day, will be available, particularly in the winter 
months, the helium content is too small to make its recovery practicable. 

The economic disposal of the large volumes of natural gas available 
in the field, particularly if, as is probable, similarly large flows to that from 
Royalite No. 4, are opened up in some of the new wells which are being 
drilled, is a problem of great importance from the viewpoint of conservation. 


ONTARIO 


The gas fields of Ontario are all found in the southern part of the pro- 
vince. The earliest gas wells were drilled in Essex and Welland counties in 
the year 1889 and from that date the production increased rapidly 
until the peak was reached in 1917 when over nineteen million M cubic 
feet was consumed. In later years the production has diminished and the 
declining supply has called for stringent measures of conservation on the 
part of the Provincial Government. 

In 1924 the total amount consumed was 7,422,880 M cubic feet, 
valued at $4,214,798. 

The chief gas fields at the present time are in Lambton, Kent, Norfolk, 
Haldimand, and Welland counties. The production and distribution of 
gas is controlled mainly by three companies; the Union Natural Gas Com- 
pany, in Lambton, Kent, and Essex counties; the Dominion Gas Company, 
in Kent, Norfolk, and Haldimand counties; and the Provincial Natural Gas 
Company, in Welland and Haldimand counties. 

The fields, together with the main systems of pipe-lines for distribution 
of the gas, are shown on the accompanying map. 


Lambton County 


There are three gas fields in Lambton county, the Sarnia field, the 
Petrolia Oil Springs field and the Dawn field. The supply from any one 
of these is not very great. 

SARNIA FIELD 

Sixteen small wells were drilled in the vicinity of Sarnia in 1921-22. 
The productive horizon is in the Onondaga limestone at a depth of about 
450 to 500 feet. The rock pressure is about 100 pounds per square inch and 
the open flow of the best of the wells is about 100 M cubic feet per day. 
The available gas supply is not thought to be very large and no use is made 
of the gas and no pipe-lines are laid. The town of Sarnia is supplied with 
gas from the Dawn field and the Tilbury field. 


Helium Content and Character of Gas 


The helium content (six analyses) is about 0-5 cubic feet per thousand 
(0-05 per cent). The gas is mainly methane, 90 per cent, with 1 per cent 
ethane and 3 per cent nitrogen. 

The field is of no importance as a source of helium. 
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OIL SPRINGS FIELD 


This is the chief producing oil field in Ontario but the peak of pro- 
duction is passed and the supply is fast declining. Comparatively few 
of the many wells in this area yield gas at the present time though when 
first drilled, ten or fifteen years ago, some heavy flows were encountered. 
Most of the gas wells are about 2,000 feet deep, drawing gas from the 
Salina or Guelph formations, whereas the oil is found at 400 feet in the 
Onondaga formation. 


Helium Content 


The helium content of gas from these wells is about 1-4 to 1-9 cubic 
feet per thousand cubic feet of gas (0-14 to 0-19 per cent) ( six wells tested). 


The gas is of no importance for the production of helium, on account 
of the declining supply and the low helium content. 


DAWN FIELD 


This field is a relatively new field, having been opened up in 1922 by 
the Union Natural Gas Company. It lies about 10 miles south of Petrolia. 
There are five producing wells about 1,600 to 1,900 feet deep. The gas 
is believed to come from sands in the Niagara formation. The under- 
ground conditions are not fully understood, as the gas sands are found 
at different depths in almost each well. The rock pressure in most of 
the wells is high but falls off very rapidly. 

The gas from the wells passes into a 6-inch diameter main which runs 
north to Petrolia and thence west to the Sarnia line. The approximate 
quantity passing through the line is about 56,000 M cubic feet annually, 
though this quantity is delivered only during the winter months, the wells 
being shut in in the summer. The average daily production is about 800 
M cubic feet per day. 


Helium Content 


Gas from all the wells was tested in June, 1925. The following 
results were obtained :— 


Well No Location Depth Helium 
; Tat Can gas sand content 
feet cu. ft. per M 

ieee Ste. eae: Rah. SENG. cag. care wane « 510 24 7 1,580 1-39 
Game eS Se Ca gclarctee wxkid sno dos, Hebe e RM Ss 24 5 1,615, 1,750 1:39 
he te Se Save a by ons, asta sag, Sees Ae 23 4 1,614, 1,639 1-83 
Cee stMae oc hos Sees et cIsIG Sees. PERS Sow eas 4 24 5 , 905 2-14 
Te ate ne ene Ver bine seas orlarte a usheuersrel soi) wiais0 64's 20 8 1, 842 2°52 


It is probable that the helium content of the pipe-line when all the 
wells are on the line would be about 2-0 cubic feet per M. 


The quantity of gas available for treatment together with the com- 
paratively low helium content does not warrant consideration of helium 
extraction. 
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Kent County 


THE TILBURY FIELD 


This field which covers a large part of Tilbury township and also 
parts of Romney and Raleigh townships has produced gas since 1907. 
It is still one of the main producing fields in Ontario. It has been examined 
by many experts and its reserves and probable rate of decline have been 
forecast. 

Most of the wells are from 1,100 to 1,600 feet in depth. The gas is 
found in the Guelph or Salina formations. 


Character of Gas 


The gas is a dry gas with a specific gravity of about 0-630. It contains 
principally: methane, 84 per cent; ethane, 11 per cent; and nitrogen, 4 
per cent. Hydrogen sulphide is an objectionable impurity and the Union 
Natural Gas Company has lately installed a Koppers purifying system. 
The process reduces the hydrogen sulphide content from about 385 grains 
per 100 cubic feet, to an average of about 10 grains per 100 cubic feet, 
and seems most successful in operation. 


Heliwm Content 


The average helium content is low, about 0-13 per cent. Nine wells 
and two pipe-line samples have been tested. 


Use 


The Union Natural Gas Company and the Southern Ontario Gas 
Company both take gas from this field. The former company’s main 
metering station is at Port Alma and from this point two pipe-lines (8 inches 
in diameter) run west to supply Windsor and other towns and villages 
in the extreme west of the peninsula. Another 10-inch diameter line 
runs north to Sarnia, with branches to Wallaceburg, and many smaller 
towns, and another 8-inch diameter main conveys gas to the city of Chatham. 
One line runs east along the lake shore separating a network of smaller 
lines which supply Blenheim, Charing Cross, Erie Beach, Ridgetown, and 
a number of villages on the way. The Southern Ontario Gas Company 
runs a pipe-line east supplying gas to Ingersoll, Woodstock, Brantford, 
Galt, Paris, and certain outlying districts of Hamilton. 

There are about 250 producing wells in this field with an annual 
production of about 5,500,000 M cubic feet. 


The helium content is too small to warrant the separation of helium 
from gas in this field. 


THE DOVER FIELD 


The Dover field on the shores of lake St. Clair in Dover township, 
is a small field of little importance from the point of view of helium extrac- 
tion. The helium content of the gas is 0-13 per cent. The annual pro- 
duction is about 300,000 M cubic feet, from nine wells. The field is control- 
led by the Union Natural Gas Company. 
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HOWARD TOWNSHIP 


In Howard township, near Ridgetown, there are a number of shallow 
gas wells, which seem extraordinarily productive and lasting. These have 
now been taken over by the Union Natural Gas Company and joined up 
to their system. In view of the fact that many of the richest helium- 
bearing gases come from shallow wells, gas from some of these wells was 
tested with particular interest. 

However, the helium content was only 0-03 per cent. The field is 
of no value, therefore, for helium production. 


Elgin County 


BAYHAM TOWNSHIP 


There is a small gas field in the south of Bayham township in which 
two companies, the Dominion Gas Company and the Medina Gas Company 
have wells, the former about 30 and the latter 25. One pipe-line, 6 inches 
in diameter, owned by the Dominion Gas Company, runs north from Port 
Burwell on the lake shore, through Straffordville to Tilsonburg. The 
Medina Gas Company supply the town of Aylmer. 

The total production in 1922 was about 160,000 M cubic feet. 


Helium Content 


_ Gas from three wells at different points in the field and from the main 
pipe-line of the Medina Gas Company was examined in 1925. 


The following results were obtained :— 


Well No Location Rock Open Helium 
: Tce ane pressure flow content 
Ib./sq.in. | M cu. ft. |cu. ft. per M 
MOUS NOG oses.« Wend cee alae 10 = 101 11 2°35 
i is DUIS ce ese ne Sn ite ak 14 2 CTS 6 2-19 
Pescn amd NOL 2... 40bh ev dethe et Ub 1 5 230 16 2-56 
Pe ME I e-LING VV AOUNA ete cn eiialnk [ace we Tse ale Efe e cla ote o Mtr ela neds © Koei na cay oe 2-38 


The helium content is not high enough nor the annual production 
sufficient to warrant consideration of helium extraction. 


Norfolk County 


The preliminary survey of the helium content of gas from three fields 
in Norfolk county in 1924 showed that some of the natural gas from this 
area was, with the exception of gas from the Caledon field, Peel county, 
the richest in helium so far found in Canada. More extended investigation 
in 1925 has confirmed the earlier results. 

The chief areas in which wells have been drilled are in the vicinity of 
the towns of Port Dover and Port Ryerse, in the southwest part of Wood- 
house township, and the towns of Lynedoch and Delhi, in the southwest 
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corner of Windham township and southeast corner of Middleton township. 
A smaller field lies near Port Rowan and Port Royal in South Walsingham 
township. These fields have been drawn upon for some time. 

Two new fields have lately been opened up, one area on the borders 
of Townsend and Woodhouse townships where two good wells have been 
lately drilled, and the other in the north corner of Middleton township 
where five productive wells drilled during the last two years have proved 
the existence of a good gas reservoir. 

Wells in all these fields have now been examined and samples taken 
from some of the main pipe-lines. 

All these fields are controlled and operated by the Dominion Natural 
Gas Company. 

PORT ROYAL FIELD 

In the neighbourhood of Port Royal and Port Rowan there are fourteen 
small producing wells. A short pipe-line joins up these wells and supplies 
both villages. The quantity of gas consumed in 1923 was about 28,000 M 
cubic feet. Although the helium content is 3-8 cubic feet per thousand 
the separation of the 100,000 cubic feet of helium recoverable would 
hardly warrant the treatment of this gas. 


DELHI—LYNEDOCH FIELD 


About thirty-five small wells located in the corners of Middleton, 
Windham, and North Walsingham townships produce about 120,000 M 
cubic feet of gas annually, a quarter of which is consumed in the towns of 
Delhi and Lynedoch, and the remainder piped to the town of Simcoe. 
The wells are usually about 1,100 to 1,500 feet deep and gas is found in the 
Clinton or Red Medina formations. The rock pressure in new wells is 
about 500 pounds, but it soon falls off. The average rock pressure for the 
field is about 350 pounds per square inch. 


Helium Content 
Gas from the following wells was examined :— 


Sam- , 
: Rock Depth Date Date | Helium 
2 Well Township Lot | Con. pressure |gassand| drilled | tested | content 
lb./sq.in.| feet Cu. [t 
23 |Charlton No. per M 
Lk aoeeiae- Windham..... 24 13 300 RRR Ache ok sh 1924 3:3 
Hs |T. J. Brown|N. Walsing- 21 14 540 1,175 1921 1925 3:7 
am. 
22 i és ‘ 21 14 540 1175 1921 1924 3°8 
126 |AnsonQuance|Middleton....| 438 Ky 550 | 1,246 1919 1925 3°9 
124 |Gas from pipe-line from Delhi-Lynedoch field at Simcoe. 3:8 


This gas as piped into Simcoe is a possible source of helium. This 
possibility is discussed later. 


MIDDLETON TOWNSHIP FIELD 


A productive field is being developed in the northwest corner of Middle- 
ton township. Several good wells have been driled in the last two years, 
and a 3-inch pipe-line has been laid to augment the Tilsonburg supply. 
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It is probable in the near future that a larger diameter line will be put down 
to link up this field with the Southern Ontario main pipe-line at Ingersoll. 
The wells are usually about 1,270 to 1,350 feet deep and gas is found in 
the Clinton formation at about 1,250 feet. The rock pressure is about 650 
pounds and the open flows vary from 200 to 800 M cubic feet per day. 


Helium Content 
Gas from two wells was tested in 1925. 


Sample Depth Date ‘ 
Nic. Well Lot | Con. gassand| drilled Helium 
feet cu.ft.perM 
RAG AB YAOT LN Ook a) oe does a's al he oO as Bde takacn'g aoeere 16 2 Thane 1924 2-7 
(ijn Alex Letlerneie reer cee oe ne tee teres 15 pe 1, 246 1924 2-9 


No data are yet available on the annual production from this field. 
The helium content is not as high as in the fields in Norfolk county and at 
present the possibilities of extracting helium do not warrant consideration. 


WOODHOUSE TOWNSHIP 


In Woodhouse township, in the vicinity of Port Dover and Port Ryerse 
there are between sixty and seventy wells supplying gas to these villages 
and to the town of Simcoe. The wells are usually about 1,000 to 1,200 feet 
deep, and the productive gas horizon is in the Clinton and Red or White 
Medina formations. The rock pressures, although high when the wells are 
first opened up, soon drop. The present average rock pressure in the field 
is:about 250 pounds per square inch. 


Helium Content 


The field covers an area about 6 miles long and 4 miles wide. The 
following results were obtained from the examination of samples from wells 
along each side and near the centre of this rectangle. 


ee Well Lot | Con.| Depth Formation eat ee, Helium 
feet cu.f{t.perM 

Port Dover.... Shore 1,043 |White Medina 1906 | June, 1924 3-4 

113 |Wedlake....... Port Dover 1018 [Clintows Lees 1908 | July, 1925 3-2 

123 oe Doulter:|. 2. 7 2 1,027 |Clinton and 1910 | July, 1925 3-9 
1,048 Red Medina 

122) hs LAVOSAY.. ois: 7 3 1,039 |Red Medina. . 1906 | July, 1925 3°5 

121 |W. Holloway... 6 4 |990,1,032 |Clinton and 1923 July, 1925 2-6 
Red Medina 

114 |Dixon No. 1.... r 1 1,021 |Red Medina.. 1915 | July, 1925 4-2 

Boyd No. 1....|Port Ryerse 1,100 |Red Medina..|.......... June, 1924 4-3 

tn Oakos* 3225. 24 2 1,129, |\Ciinton. 22/204 1910 | July, 1925 3-8 

120 |H. Williams.... yd 8 9 a 1,058 |Red Medina. . 1923 | July, 1925 4-5 


*Charlotteville tp. 


No explanation can yet be advanced for the variation in helium content. 
The wells are all drilled to about the same depth and the gases are believed 
to come from the same formations. It is probable, however, that all the 
wells would give results of the same order. 
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TOWNSEND FIELD 


Two new wells lately put down on the border of Townsend and Wood- 
house townships, close to the provincial highway between Simcoe and 
Jarvis, have shown the existence of a good gas reservoir in that area. Samples 
taken from these two wells were tested with the following results :— 


Open Helium, 
Well. Township Lot | Con mean hs flow penkn cu. ft 
per 
‘Y Omens. dese nce Townsend......... 16 14 400 jC Bs aay eh ener. y 5-2 
W. Mitchell........./Woodhouse....... 15 6 400 285 | 1,058 to 1,155 4-2 


These wells are close to the main 58-inch diameter pipe-line running 
from Simcoe to Jarvis and the gas can, therefore, be sent in either direction 
as required. 


Character of Gas in Norfolk County 


The gas from all the fields is of the same type and the constituents 
vary very little. It has a specific gravity of about 0-66 and is composed of 
about 88 per cent methane, 5 per cent ethane, and 7 per cent nitrogen. 
A little carbon dioxide is usually present (0-1 per cent). Detailed analyses 
are given on pages 49-50. 


Possibilities for the Extraction of Helium 


Simcoe would seem to be one of the most suitable locations in Ontario 
for a helium extraction plant. Pipe-lines come into the town from the 
Delhi-Lynedoch field and from the Woodhouse field. It is probable also 
that the helium-rich gas from the new Townsend field could be brought in. 
By a suitable arrangement all the raw gas could be by-passed to receive 
treatment and could then be pumped into the town’s mains. 

The following statistics of the flow of gas into and consumed in Simcoe 
from these two fields were supplied by the Dominion Gas Company :— 


Date, 1924 Lynedoch Woodhouse 
field field 
PANUGIS 6c Ape aie a eae elas 12,189 25,020 
HEDIUary isc see <a ncle oe 11,326 24,735 
INERT CH ss i. elena sb sietnentots 10, 633 22,066 
PADIIL cae aree Nts es eiaetaes 10,775 20,114 
MAW HIE: oe BLE tie cbs tite? 8,733 14,473 
PUNE ML Ue aeseeseomere 5,907 10,711 
SUEY sede aoc ka eee 2,850 7,971 
AU SURE eotics beeen ancien 3,307 7,848 
BenteMmiper sees cish sates 4,038 8,861 
Oetoben iiss dedadeabieeewe 5, 627 11,423 
ING VEIN DEL. an tee tas one ee 8, 500 17,485 
Decettbers. are ree een 9,857 23, 391 


93, 742 194,048 = 287,790 M cubic feet. 
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Tests on Pipe-line Samples 


Helium 
cu. ft 
per M 
Simcoe. Line sample gas from Lynedoch, July, 1925........+.+eseeee eee esse eeceee 3°8 
Simcoe. Line sample gas from Woodhouse, July, 1925.........+eeeee cree cree ee eeees 3:9 
Simcoe. Gas sample, meter testing house, June, 1924..........seeeeeee creer eeeeeees 3°9 


Assuming the efficiency of extraction to be 80 per cent, and also assum- 
ing that the helium percentage remains constant the year round, the 
possible yearly production of helium would be about 900,000 cubic feet. 


Haldimand County 


Gas fields are well distributed throughout this county though the most 
of the wells are small and there is no very big production. The first wells 
were drilled in 1905 by the Dominion Gas Company which still retains the 
predominant interest. 

Until recent years Hamilton was supplied with gas from this county 
but the production became insufficient and artificial gas is now used in that 
city. Some gas is still piped to the outskirts of Hamilton, however, and 
St Catharines obtains gas from the Canborough-Moulton field. 

There is a network of pipe-lines over the county and gas passes in 
different directions at different times, depending on the demand, and the 
wells that are supplying the demand at the time. 


The fields may be considered as follows :— 


WALPOLE-RAINHAM TOWNSHIPS 


In these townships the Dominion Gas Company has over 400 wells. 
The older wells are situated for the most part along or near the lake shore 
but recent drilling is being carried on more inland and some good wells 
are being opened up. 

Most of the wells are drilled to the White Medina although gas is also 
‘ obtained from the Clinton and Red Medina formations, at depths about 
800 to 900 feet. The average rock pressure in 1911 was 250 pounds per 
square inch but has since dropped to 150 pounds. 


Pipe-lines 


One 6-inch pipe-line runs parallel to the lake shore, serving mainly as 
a collecting line. From this, other pipe-lines run north, one in Walpole 
township, supplies Hagersville and Jarvis; another, an 8-inch diameter 
pipe-line laid along the township line between Walpole and Rainham, 
conveys gas to Caledonia and Hamilton. 

There are several other collecting tines feeding into these main supply 
lines. The gas is not metered in these lines and it is difficult to get reliable 
data on the quantity flowing. 
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Helium Content 


A number of gas samples from wells and pipe-lines in this field were 
examined during 1924 and 1925. The results are as follows:— 


Depth Helium 
ee Well Lot | Con, eke gassand| Formation | cu. ft. 
O. eric feet per M 

140 2 Ey ASW rishi ciaee coon 16 8 1925 800 |Red Medina..| 2-97 
143550; Wid seal siyentss Vesey ae 15 |Peacock pt. 1909 900 |Red Medina..} 2-63 

OT ek LaidlawiNone ne aca ces y ‘ Bs Me EAI © 790 |Clinton....... 3°3 

Bt eet al Os SHau psa Toe ee ls LT UP antes ete one nee 1,005|White Medina} 3-0 
141 ee 6-inch line on road between th oe 6th Gn {12 wells eens Oh gis gate ier ee 2-84 
147 Caledonia pipe-line at Selkirk regulating station (1925)............ ccc ce eee eee 3°46 

OO ee Caledonia pipe-line at Selkirk regulating station (1924).......... 0. cece eee ee eee 3:10 
1540 oe Caledonia pine-line at: Catedonigwe iy. th) ahs cme teat Ln eine ce ieee ain eee teen 2-64 
Rainham Township— 
145 lds & ELOOVOE Wee cane 2 1 1909 815 |Red Medina..| 2-79 

20 Wines Wocktiatin Ae cata eeeeore 24 ihe Pais apetiean 850 |Red Medina..| 2-6 
146.040, GaiNacels INGOs Mia Meee 13 2 1906 790 |Red Medina..| 2-35 
144, oe Pipe-line between 1st and 2nd concession. ..).. <2 ..0s.0. .cedelac dees ch eeceeacer 3:0 


The analyses show that the helium content of the gas at the Selkirk 
regulating station was fairly constant in 1924 and 1925. The discrepancy 
between the value found at Selkirk of the helium content of gas flowing 
in the Se:kirk-Caledonia pipe-line and of a sample from the same pipe-line 
at Caledonia is greater. The first sample was collected on July 6th and the 
second on July 8th. It is not known if there was gas of lower helium content 
fed into the line between these points. 


Quantity of Gas Available 


The consumption of gas in the town of Caledonia in 1924 was about 
50,000 M cubic feet. Just how much has passed through Caledonia and 
goes into Hamilton is not known. However, there does not seem to be 
sufficient gas available to warrant consideration of a helium extraction 
plant in the Walpole-Rainham field. 


CANBOROUGH AND MOULTON TOWNSHIPS 


Wells were first drilled in these townships in 1905, and in 1912 sixty 
wells were producing in Canborough. To-day in the two townships there 
are about 260 producing wells. 


Gas is usually struck at 500 to 600 feet, coming from sands in the 
Clinton and Red and White Medina formation. Open flows of 50,000 to 
100,000 cubic feet are common. The initial rock pressures are about 300 
pounds per square inch but soon drop when the wells are put into service. 
The average for the field is about 125 pounds per square inch. There are a 
number of low pressure wells i in these areas, which have shown remarkable 
lasting power. 
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Helium Content of Gas 


The following results have been obtained :— 


Depth Helium 
Zee Well Lot Con, year of gas | Formation cu. ft 
; e sand per M. 
feet 
Moulton Township— 
1205): Wir Lislanenwen. cas scieee « 15 1 LOGS Be la. ea cee [edaeia sd lak. aes 2-65 
130 et Ce AckIan(icmks seis 643% 8 15 2 1915 720 |White Medina 3-03 
1SG-. Ad Rileywe sees <n sh taanes 24 ~ e ar em Ooty uN tec agdcnss <arsies am wale 2-22 
SG Fw Didontm. .o/leessssn ie ld 3 1920 634, 770/White Medina] 2-36 
and Clinton 
Soe Wee DUrelrsiins eee aes eae TELLIN HOrke) ¢o4 4 aeaess 676 |White Medina 2°7 
BAe Wacmeck eto... dads a8 1 FS ecah Ved ai peey One er nee Cagle eRe 9 2.6 
Canborough Township— 

Tadeo, Veer ine. Nok .ageiies..<: 15 Ladeliecee nate. Bobs. aa ek ahs eek 3°80 
LS Pee a DP OTIRS ING aercress ce tea. 11 1 TOLGE ence oy Linton: «ee. 2-65 
et es ey ASS UTCU ance a ce eins 5 Sere these epee 650 |White Medina 2°6 
Or ces yee LOD eee Gare) nat thea 14 ee ea che iss Meee eS LL eves os aac are yas 3.3 
O1) sae. H. A. Lymburner......... 3 coe Ug Aas CRT LWA ag? on Oem rae 2-67 
Tao: Gas from Bird road regulating station............. sees eee e reece err e ee eeeees 2:17 
(Siegen: Gas from Canborough tp., Winger regulating station..........+++++ssereeeeeeee 2°71 
1334; fas Gas from Main line, Canboro Gas and Oil Co......... 0. esse cere reece cere eee 3:14 
rf ane a Gas from regulator house, Dunnville...............- see eee eee e eee e nent teens 2-88 


The average helium content is about 2-7 cubic feet per thousand 
cubic feet ‘of gas. 


Pipe-lines and Gas Available 


There are a number of pipe-lines in this field, some of which join other 
lines at both ends. Consequently gas can and does flow in either direction 
depending on the demand. Estimates of possible quantities available for 
treatment are therefore difficult to make. 

Four lines come into the town of Dunnville, one from the west, two 
from the north, and one from the east. The latter pipe-line, however, laid 
to Winger in Haldimand county, is the supply line to St. Catharines. 

There are two places where gas could be treated in an extraction plant, 
one at the Dunnville meter and regulating station and the other at the 
Winger regulating and compressor station on the main St. Catharines line. 
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The following statistics of the flow of gas in 1924 at these two points was 
obtained from the Dominion Gas Company. 


Gas passing 


through 
Gas entering Winger 
—- Dunnville, regulating 
all lines station to 
Site 
Catharines 
1924 M cu. ft. M cu. ft. 
TEA VES, che Oak ee ses cane gin Leech Ok GE cha T SUMS ie DR og 28 16, 546 27, 742 
Feira rye! Mei Mots hda chase ke oe tah See ey re 18,319 25, 850 
WV ere Ma ee ae, th et AU MMe er) CA A ER ae aad 17,020 23, 534 
ADEE Ate BBR TE ts Be TRY OS a it bas 12,964 25, 649 
IM iy 8 od aa oF a Lh Oe a a a Ua dees Se or 9,598 23,877 
UTE eS ie otha Bea aera dieg call As ET a ae eae ma Be) 6, 653 19,198 
SLY 3 PET Se eh ee Beet tee Gaede A, er ee 3,783 11,278 
AUBUAG. HOWL AERO es pee. ahaa tte te TRA Me fo) CeO 3, 607 11,191 
Meptem ber heh Mae Se Oar eteg Ghee ce Panta er eee eee 5, 024 13, 826 
October. “padi vey gerddeys oe hs. ckc Nee ee eee ere noe Beta 6, 924 16, 729 
Wovemberns cS, eee Ro IG Ty a telat eats de ae ere 10,890 23, 547 
Dede ber iy cae nant rae keene ee One ee Le eee 15,811 27,966 


127,139 250,377 


Assuming an average helium content of 2-7 cubic feet per thousand 
and an efficiency of recovery of 80 per cent, the quantities recoverable at 
these two points would be approximately 275,000 cubic feet and 540,000 
cubic feet, respectively. 


SENECA AND ONEIDA TOWNSHIPS: THE BLACKHEATH FIELD 


Blackheath is the centre of a widely spread field with wells in Seneca 
and Oneida townships, Haldimand county; in Binbrook and Glanford 
townships, Wentworth county; and in Caistor township, Lincoln county. 
The total number of wells in this district is about three hundred. There 
has been a considerable amount of new drilling in Seneca township in the 
last two or three years. The wells are usually dried to a depth of about 
609 feet and gas is found in the Clinton and White Medina formations. 


Helium Content of Gas 


e ® 
The following samples have been tested. 
Sample A Date Helium 
se Township Well Lot Con. aNicd Depth caittent 
feet |cu.ft.perM 
152 |Oneida..... Pi Yule Now] ee eke 38 B.F. 1918 589 3-23 
46 PN Be ered Wa MartinuNoal. oi cae seks 4 3 1923 685 38°4 
47 en ee Ja Liomepon INO) Ul eee 64 R.R. 1921 543 2-9 
149 SS) Aes Coilecting line, feeding Caledonia-Hamilton line  |........ 3-08 
8 |Seneca...... AS WIMersan {suerte 3 Young’s tract 1911,/533, 589 2-64: 
51 SIO ae W? Robinsons) ): ee ae 15 2 1917 461 2-9 
S44 Peete DS avelleanmvConmii nik ©. nee DT OTe vol ben hae ay ee ne 373 
134 |Caistor..... WS Ole burners: sein ween a ea a 1918  |422, 522) 2-40 
150 eI bry a8, 6-inch pipe-line going to 
Blackheathu de sees Pele eh eee Oil do ee ee 2-58 
1oly | Binbrookyieid . erry temee cat. tee ae él 9 1913 500 3°34 
48 ve CA Witeeattion: wo aes ae 9 26 1913 460 8:5 
50 be ha eel GHRBGON M0. 12 Tiny, Cae 4 3 1922 |885, 440} 2:1 
157 !Sample at Blackheath regulating station, line to Hamilton !..........1........ 3:09 
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Pipe-lines and Gas Available 


The gas in Oneida township is fed into the main Caledonia-Hamilton 
10-inch pipe-line. The wells in Seneca and Caistor townships feed pipe- 
lines which run to the Blackheath regulating station from which they are 
conveyed either along the 62-inch line running northwest along the 
township line or through the 8-inch line going north in Binbrook township. 
This line turns west at Elfrida and then north, finally joining up with the 
main Hamilton line at the regulating station outside Hamilton. 

The only place where gas would be available for treatment would be 
at this regulating station. It was here that the original helium extraction 
experiments were carried out in 1918 under the direction of Prof. J. C. 
McLennan. 


The amount of gas delivered at this point in 1924 from both lines was :— 


M cu. ft. M cu. ft 

RMIT We tees ale eee ete 73,114 PUIG ee cee ae ee ks eaten sete 20, 338 
METRES Mia Uive ces ee bie 51,519 AMUSE TCG seeks Wels «ioe eee 14,277 
rare ae oie talc ad ten eeeees 43, 862 SONTGIN DOP Meh cts ochre sce 21, 293 
OTE Ge win UNA ak anid Chane 42,695 Octobersc nore cine ee dsamiiasde 3 33, 145 
AEA tere ete nay sort om ein ccataene 37, 234 TNOVOMIDOI ope vce gui yoa ee x aes « 34,417 
PILING Meet sch Meee coasts oetseee sucks 28,714 Tenor poriccs codecs este amides 34, 790 

LOCALS oy taeeeanod ie secant 435,398 


Assuming an average helium content of 2-8 cubic feet per thousand 
and'an efficiency of extraction of 80 per cent, the quantity of helium re- 
coverable per annum is approximately 980,000 cubic feet. 


Welland County 


The first successful gas wells were opened up in the southeastern part 
of Welland county in 1889 and until the last few years good supplies have 
been obtained. The field has now been fairly thoroughly tested and there 
appears little prospect of striking new gas reservoirs. Because of the 
declining supplies and the lower average helium content the area is not of 
much importance from the point of view of helium recovery. 

The chief fields have been found in Wainfleet, Humberstone, and 
Bertie townships along the lake shore, and in Crowland and Willoughby 
townships. 

From 1890 to 1896 natural gas was supplied to Buffalo from these 
fields. Now the position has been reversed by the recent importation of 
artificial gas from Buffalo to augment the supply for the town of Niagara 
Falls. 


The Stirling Natural Gas Company 


This company supplies Port Colborne and vicinity with gas, largely 
drawn from wells in Sherbrooke and Moulton townships in Haldimand 
county and in Wainfleet and Humberstone townships in Welland county. 
One pipe-line comes into Port Colborne from the west and two other small 
lines from the north. The quantity transmitted through the western line 
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in 1923 was 94,374 M. cubic feet. Port Colborne consumed in 1922 about 
105,000 M. cubic feet. Assuming a helium content of 2-8 cubic feet per 
thousand, the recovery at 80 per cent efficiency would be approximately 
235,000 cubic feet. 


The Provincial Natural Gas Company 

This company supplies Niagara Falls, Welland, Bridgeburg, Fort Erie, 
and other towns and villages in the east extremity of the peninsula. 

The wells from which gas is obtained are in Crowland, Humberstone, 
Bertie, and Willoughby townships. Most of the wells have been drilled 
for many years and the supply and rock pressure are rapidly falling. The 
gas comes mainly from the Clinton formation which is encountered at 800 
to 900 feet. There seems little prospect of further supplies being obtained. 

The total production in 1922 from 94 wells was 463,675 M cubic feet. 
With the declining supply and comparatively low helium content it is not 
considered that the pipe-line system controlled by this company affords 
any opportunity for the recovery of helium. | 


Helium Content 


The following results were obtained during the examination of these 
fields in 1924. 


a 


eae le Township Well Lot Con. Depth Formation Helium 
cu.ft.perM 
33. |Wainfleet..... Weeviillesrencrcra: Sl SAL e aan see Medina. aciee.5e5 3-4 
138 - ye Spy dere. ce. 30 5 Dah dome Bee PD enya 2-61 
39 |Humberstone.|Menoah Minor.. 31 EN a be card ale Bp eA UES. 2-5 
40 zt Port Colborne Gas Co. line to Port Colborne...........+.++- 3-1 
41 |Sherbrooke... * : SM Operas i SA ci. 207. 
497 tl Bertioussmesck Point Abino 
LL Mesh Carma occa ithe epee 902 |White Medina..... 3:0 
42:a) eS ees Well No. 471.... 13 iT 700-800 S Sons yesee 2-3 
44 |Willoughby...|Well No. 61..... 4 2 2.940. |'Trenton...../s.ens 0-9 
45 |Crowland..... Well No. 199.... 4 3 700) (Clintonere aeeeeeae 2-5 
Provincial Nat. Gas Co. main pipe-line Niagara Falls..........-++ses+s+ees 2:4 


od ee een eee ee 


The helium content of most of these gases is about the same as those 
in Haldimand county but not so high as those in Norfolk county nor is 
the supply so large. 


Peel County 


CALEDON TOWNSHIP 


At several places in Ontario, small gas fields have been located either 
in the course of drilling wells for water or in the search for oil. One area 
which was examined in 1924 was found to contain gas of the highest helium 
content so far discovered in Canada. Subsequent investigation in 1925 
confirmed the earlier results. 

The field is situated about 15 miles north of Brampton and 1 mile 
north of Inglewood. Four wells have been drilled, one ten years ago, 
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another a few years ago, and two others three years ago. One of these 
wells is now plugged. 

Comparatively little detailed geological work has been done in this 
neighbourhood and very little data exist on which estimates of the extent 
of the field can be made or of the chances of finding large quantities of gas. 
The wells have never been drawn upon for continuous domestic use and 
even in the few years that the wells have been drilled the pressures have 
fallen from about 60 pounds per square inch to 48 pounds. It is claimed, 
however, that the older wells have been allowed, many times in the past, 
to blow off for long periods and that the rock pressure has only very slightly 
fallen off on such occasions. 


The particulars of these wells are as follows:— 


Rock 
Well : Date of | pressure Open Helium 
No. Location Con Lot drilling 1924 flow content 
M cu. ft. |cu.ft.perM 
Leia eenry farmiy).2i5 os LWiGeRe 4 1910 60 100 7:9 
a # PT ae Phe. SRR LA a ORR Fee 5 1922 50 200 8-0 
3) J. Graham farm, 75.2)" UW OLR: 6 1922 40 60 8-1 
4 is ht) Ae LW. R, 6 1924 |Well abandoned 


An analysis of the gas from this field, together with analyses of the 
other richest helium-bearing gases in Canada and of the natural gas treated 
in the United States Government helium extraction plant at Fort Worth, 
Texas, is as follows:— 


Bow Petrolia 
Constituents Moca phen Island, field, 
pictar Peake haha Nat : Alberta Texas 
per cent per cent per cent per cent 
Mretmare KC ba); bs. | be tenet late ccalakies 84-4 87-6 89-55 55-34 
Pre ANS Ekg Vere o's). plccscc 4 a ees wee me St 3-0 4-9 1-90 11-66 
CRE VEOMADG) Laine Coste .\ ib Noe Sa NORMS Se (uate es ter trace 0-4 0-21 trace 
Warbanmioxiagel(COs)s: 5): aaa ee trace 0-1 0-10 0- 
ita tay oe AUG IES Tae RS eee, al ee 1h | 7-62 7-91 31. Fo 
EIGN iG) Nc... cck ede tae Gerais co iece: 0-8 0-38 0-33 0-94 


Amount of Helium Available 


Until further wells have been drilled in the area to determine the 
extent of the field, and the depth, thickness and porosity of the gas sands, 
it is impossible to make any estimate of the quantity of gas that is available 
for treatment, particularly as the wells have never been drawn upon for 
continuous use and the rate of decline of flow and pressure under such 
conditions is unknown. : 

Assuming, however, that 25 per cent of the total open flow could be 
taken daily for a year or a larger quantity for a shorter period, and allowing 
an efficiency of 80 per cent in the process, it is possible that 600 cubic feet 
of helium a day might be separated. This would mean treating about 
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4,000 cubic feet of natural gas an hour and would give a yearly production 
of approximately 200,000 cubic feet. Such a quantity would cover the 
present demand for scientific and industrial research work, but of course 
would be a negligible amount as regards a supply for large airships. 

The Government of Ontario has lately purchased a number of gas 
leases in this area and it is possible that the University of Toronto may, 
with the help of the National Research Council, extract sufficient helium 
from the Inglewood gas to supply the demands for the low temperature 
research being carried on in the cryogenic division of the Physics department 
under Prof. J. C. McLennan. 


NEW BRUNSWICK! 


In Albert and Westmorland counties, New Brunswick, surface indica- 
tions of oil were recognized as early as 1859 and from that date to 1906 
spasmodic efforts were made to develop an oil field. In 1906 the New 
Brunswick Gas and Oil Fields, Limited, controlled by English capital, 
took over the fields and this company has operated continuously ever 
since, producing both gas and oil. The three fields in which oil has been 
obtained at one time or another are the St. Joseph field, situated 2 miles 
south of Memramcook; the Dover field, 24 miles south and east of the 
village of Dover and near the Petitcodiac river; and the Stony Creek 
field, the only field at present being operated. 


The Stony Creek Field 


This field is located in Albert county on the west bank of the Petitcodiac 
river on the west side of the Moncton-Hillsboro highway, about 9 miles 
south and a little east of Moncton and about 4 miles north of Hillsboro. 
The area in which the majority of the wells have been drilled is about 2 
miles in length in a direction parallel to the river and about 4 miles in depth. 

About seventy wells have been drilled and about thirty are now pro- 
ductive of gas or oil. A certain amount of new drilling has been carried 
on each year but no new fields have yet been located. 

Most of the wells are drilled to depths varying from 2,000 to 2,500 
feet. The gas horizons are found in sandstone beds in the Albert series. 

The gas is piped to Moncton and to Hillsboro for domestic consumption, 
the total amount used being approximately 600,000 M cubic feet in 1924. 


Helium Content and Composition of the Gas 


The field was visited in September, 1925, and a number of gas samples 
from the different productive horizons and from as many different sources 
as possible were taken. 

The helium content varied widely from 0-001 per cent to 0-069. 
No theories can be advanced to account for these differences. The following 
table gives the main points of the information obtained. 


1 Mines Branch, Dept. of Mines, Canada, ‘‘Natural Gas in New Brunswick’’; Invest. Min. Res. and Mg. Ind., 
; Wright, W. J.: Geology of Moncton Map-area; Mem. 129, Geol. Surv., Canada (1922). 
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Well ay Rock Sp. Helium 
No. Depth of gas sands—feet pressure Gr content 
lb. per sq.in cu. {t. per M 
ee re ao) RE era vlan s. ahs ore, v.siaetlotn Mabereiiela uo: 52 0-669 0-25 
De IES DOL, SSO: LOOM er ee mers Oars atte devon ates mites 5 « 415 0-654 0-35 
14 |977, 1,319-1,328, 1,365-1,378, 1,395-1,410, 1,458- 
OTe AOL Tyre bet a) Ge be fae ws ene Sea RECERALAR Sicve 4 ena eae Pere ra remien Bek 0-48 
een | Ee PE oaks tree ae RRR Ta PAV RS Ty. coher enoy ents ar eet dae oe is Le 0-671 0-05 
I NPE AA ob got A Oo RO Ic re Sy hd GR LN Seed don soos oR S ado 22 0-672 0-01 
Ng. OO Ci RRR AAI 0 e's A ac BON le = ES gp RWC. Seman. Seam 0-66 
6 |1,615-1,655, 1,805-1,820, 2,147-2,164, 2,271-2,275, 
Beh o~d, SEO a DO eaIIOS 6.4 was x nalhe Sabin coe cbs. 505 0-650 0-69 
Gers SLOT 2 24S Eee ire teen. eats aos cc. soe cs akc Se bone 85 0-698 0-33 
Pr Pitt Lis 20 r Aer de Ue one de See ne Oe Oe eee nee AOS Toe were ts), ee 0-14 
CaS | gene ae ee artnet Park aban acing NerBag arb kaka Cenandigad |e | hau ine ead > oh ene 0-48 
Pe Nes Preet BO Li aioe FAIS NS es SaaS Oa GN Re Eee ois a SATO Pe ake wake Nil 
eM ora a A Ra eater ee ce opt era Ue tle ss lereida Nite wie ec bi ou ee oad wes Nil 
Pree LODE ATAGINS Gai csc he stedenc Knees ceh arene ce CR Nees 0-675 0-07 


The gas from all of the wells is very similar in composition, having 
as its chief constituents about 75 to 80 per cent methane and 20 per cent 


ethane, and 2 to 7 per cent nitrogen. 


is of no commercial value for the extraction of helium. 


25416—-4 


It will readily be seen that the field 


46 


a 's)\6! (e180 


7 ae) oie 


08 
990 ‘T 
L¥0‘T 
610°0 {216 
900:0 |0€8 
500-0 |601‘T 


unt] 


‘quod 10d 


8° 0 L'a 
ON[VA IYLLOTVD 
ra 
eo) 


“WUT 091 ‘O00 


ge yc: 
T°? |T:0 
b's |€:0 
gt 
L°L \8:0 
bro 
on CO 
vF |c-0 
G°S {1-0 
0-2 \0°T 
ys iLO 
9°ST/6°S 
1:0 
vs 19-0 
T-0 |€:0 
rel: 
8°P 
ENO 


60 wot 6-06 
6:0 TH 19°96 
G0 |S:0 |&-96 
yO 3=361€:0 = =18°26 
€:0 |9°6 {9°88 
GOS 10°F =1"%6 

Ta |c-L |0:°06 
$0 {6:6 {6°66 
1:0 {8:0L: 18°98 
SOR Yo? <216:28 
G0" 19-6) 19-6 
or foe G-¢8 
a0. 1S4t S246 
€°0 |0°6 |8-¥6 
GCL. 2:6 |" 08 
SSE 10s onieos 
GG =|8°PI 16°82 
FOO a EO) 

sjuenytIysuoZ 


ZO6T ILP‘S 
£2/01/81/0SS ‘T 
euoSpUeyg 
€2/01/8T|002 ‘T IOATY 
' TTA 
€2/01/E1|000‘T ‘008 
€2/01/ 180 
¥2/01/8 \Z¢e snoodey}aly) 
¥2/01/8 022 ‘T IaMO'T 
¥6/0I/L |980‘S pus 
¥2/01/L \OFT ‘2% uoyueg 
82/01/F |010‘Z 
uoyUued 
82/01/Z |002‘% IOMO'T 
91/2 0z8 
soleyg 
¥2/01/T |0¢8 10} BMIBOTD 
SN0908491D) 
$2/6/F% 1082 IoMO'T 
$2/6/9 \ZF¢‘T IOATY 
72/6/01 1086 ‘098 woo'yT 
SNOVDBYOIT) 
72/6/01 |8Sz‘T ‘StS IOMO'T 
pordures 490} UOl}VULIO} 
038 qideq suronpolg 


000 *01|009 


00¢‘% {002 { 


000°2 |009 


000*% |008 
00S °F |Szz 
Teurg |0¢ 


eo eee rte eee ee 


SH OSH XH <H <H SH —H sH 
Se & EE 


ESESEES 


= 


tom fam ig 


T 
Ton) 


hy OOO Or 


WOT} BOOT 


| — | | | — | | | | | |] | |) | | ——_ | 


ST SON TIAA STO Ayrunuru107+) 

: terete ees S97 ONT TIO 

‘O* JueurdopeAGd coe OULDTpe Fy 

LON Tem 
“OD [TIO UBolIOUIy-UvIpBUsey 

““SuIBUl Svs AIID JEP oULoTpeypy 

Ser aL 
punjsy funy pup WH auiwpay 


“TON uvkqey ‘OD [IO [etseduy 

"TON TM 90 TIO JeoT ofdeyy 

"LON TIM OOD TLO JeorT ofdey 

“PON TPM SUNeONeg YS 

|e (ON Tem Sumefoed Marie 

LGEN TP Meee eee. 
PIAL 1yGr4aurw M4 


“9 ‘ON 
TEM ST UWio}somy}ION 
Pat OuryrA 


eae. ae foie 17s ORT 
TM = teMO'T ‘spidey UBdTTOg 
Sisson ‘T ‘ON 
112M todd sa spidey uvoljeg 
arg ‘SuIpuByT Vyseqeyzy,Vy 


Pr Lovey vysvqnyyy 


“"""T CONT [TOM “OD TIO AIOPOIA 

Sake Sete Sah oe va een 1 ‘ON 

TPM “OD 88D pus TIO Pussy Ie] 

LON TI®M Stuneo1jog uBIpeusey 
Ply Lange vvaqT 


STIPM 


BLIOG|V Ul svy [einjeN jo sesdjvuy 


47 


¥60°0 


€16°0 
GZ6°0 


GF0'T 
910 ‘T 


IF0‘T 
9Gc* 


6&2 ‘T 
086 ‘1 
Sh '‘T 
819 °T 
913 ‘T 
668 '‘T 


r£0'T 


€40'T 
616 


00 ‘T 


6&6 


696 


916 


TL¢°0 


¥79°0 
66-0 


09-0 


6¢°0 


609-0 


409-0 
169-0 
609-0 


¥-8 |8-0 

1-8 |'-" [2-0 
0-21|"""'|6-T 
aa: 8-0 
FT |G-0 [8-1 
8-0 |. [LT 
6-0 [8-0 |I-Z 
0-0 |S-0 |T-T 
FT (2-0 [0-1 
10 |8-0 [FI 
0-€ |F-0 |8-0 
b°% £-0 
G8 
a 

S-ZI|T-T {2-0 
1°6 

2-8 |2-0 

1-6 |Z-0 

18 |F-0 

9-2 |2-0 

Fit be" 1F20 


HODONCON 


Mm O HOOD be 
199 cO1un Ow 


¢-0 


19-0 


Ls 


ia 


0°16 


6:06 


6°18 


8° ¥8 


6°06 


ale 


1-68 


9°88 
6°16 
¥°68 


72/01/1Z|006 ‘OSs 


€2/6 /L1\068 


$2/01/§2|020 ‘2 
¥2/01/8Z|068 


G¢/t/- 
£2/6/0% 
€2/6/0G 
63 /F/- 
°2/6/61 
82/6/61 


06/¥/¥S 


62/8/08 
62/8/02 
LIGI 


6¢/8/¥% 


6161 


PI6I 


¢2/8/¥% 


G2/8/¥ 
62 /8/¥S 
¢2/8/F% 


OFL € 
0g8 ‘3 
016‘ 
16‘ 
860° 
GLg°§ 


oss 'S 


} ABU9}OOST { 


—_ 


reddy 


(g)oIssvity, 000‘ 06 OOT ‘T 


uojueg 
IOMO'T 


uoqueg 
IaMO'T 


wou 
ore 


spoq 
ouo}spuBg 


000 ‘T 


000 “0z|006 


000 *0z}002 
000 “21009 


L8L = |00¢ 


000‘F |009 


008‘T |00z 
006‘T \00z 
00¢‘T |00z 


SESEESE 


=H 
= 


VM 
pM 


vp M 


yM 


sureul AYID Ares[Vg 


sureut AqId Ares[Veg 


pM 


bv M 
yM 
pM 


oS 
bal 


been 
NX 


AND AAN 


IT 


IT 


IT 


LT 


LT 


ai 


él 
iH 
IT 


&& 


OT 


Pe 
Lh 
IT 


66 


as 


Ig 


I 


GG 


vG 
LT 
6 


"OD BUTI eqoTH ee] woIstg 
T “ON TI2M 
‘O*— SBX) ‘YBN OLMTvVIg s[AUISIBID 


""1Z°ON TOM “OD TIO “dury andsjBo 


Z°ON TPM ‘00 Tt “duty andspeoD 
SN09UD)19981 JT 


"PON TPM “0D TIO OHTRAOY 

“"*"§ "ON TIM *OD TIO opTBAOY 

"* T'ON TPM 0D TIO opTBAOY 

pie TON TM 9) EO Poa TOK 

FON TPM’ OD ope Me 

TPM “OD TO BWOqTY WoYyyNOS 
p)arq fiayo A LaULn 


“oO Suruyey pues [IO uerpeueD 
PJIrY SSDI) Jaang 
marae 
HOM, "00 "SPD “FEN. "389A, “UBD 
4 eh Ee Spare at ae 
2M *OD SBD “BN “48044 “UBD 
P19 SOW ALOT 


eee ante lee 

‘ON TI9M °OD TOMO pus BOTT 

‘QqsIT “SBx4) “YBN “480M “UBD 

TON TPM “O*— TOMO pus BOTT 

‘QUSIT ‘St YBN “YSOM “UBD 
P12 991NO UIYD 


¥reiteliny aials) 60) oa. 6 oe ‘a[dures eytsod 
-Ul0y) “0D JOMOT puUB ywoTT 
‘qqSIT ‘StH “IBN “4SeM “UBD 
hee Nhe ps iw le eA ee ee ‘oy dures eytsod 
“MOD “0D IOMOT pus 4voTT 
‘QUSIT ‘sty “FEN “4S ‘UBD 
pede is ORM care hye 3 ties reser 
‘ON TI9M (OD IOMOT pus VOT 
JqsIT “StH “YBN “SOM “UBD 
6 ON Tigao.) tOm0 7 PUY seer 


‘qyStT ‘sey “YBN “ySOM “UBD 
PON [IPM (OD OMOg pus yeozyT 
‘QUSTT ‘SB “YBN “4SOM “UBD 


SON TI9M “OD TOMO PUB yBOFT 
‘QqsIT ‘sep “YBN “yso grueD 
P1927 iPUY]s] NOT 8 it 


48 


ST-O|IOT‘T [99-0 |g-0 |$-F ||] 7 |8-OL |F- FS |9T-FIETIZze‘T | a) DIQRT FE Be ag a ae "TOM 


MOYSY “OD SBd) “FEN worUuy| ” dz 
80:0 a ee 029-0 ae + ft ene, aun to, sees F261 962 ‘T BUITBS Io ydjens 8 ‘al ah) 6) eb ae 6 8). Lees ele 0.8 . a a ‘ON 

T9M “OO sexy “YBN UOoluUg| 4yseq AsNq{IyT|gT 
€1-0 FOL ‘T 929-0 Ps v6 . 9-8 9-88 F261 000 ‘¢ ‘Seco? POA vol Te ¢ Dt ieine © <0, ore en eq a ee weit we 4 ere ey eT ‘ON 

TT9M “OD SBXy “FBNV WOTUs)| °°" **LAAOC CT 

fiqunoy) quay 

FI-0 6Z1‘T 989-0 Dy eee Q-) eee C-0 . e 61 e ol CZ6I O8¢ ‘T ia > 2 6 0. 6 © ¥ ¥G % os a we ee Oe ol Bom Sete 6 6-6 Oe Cw I ‘ON 

T9M “OD 884). “YBN Wola)" "-*** OF at 99 AME 
F1-°0 a 9) BS ery 689-0 = >. .900 re Te ae me a ste. a ee ee ke er SEOs CCT CIO 'T whee 4 46 & * FG c = Ds eita.okd os)'s) b) 60 Oi eite 6 =e ae oe e ‘ON 

12M °OD sey “4eN uotmg|:----*:: Igor 
8T-0 WLS Onn ue #19°0 eee eeee ee ee ce week © 66 6 co hie 6 wha | © “af os CZ6I FIO‘T eile) O60 oe ee °% F > 6. See) 16. (ee) Sy ©). wile) o 0 vette ip © We Se > ‘ON 

12M ‘OD sey “yen uorug|:::--°-°*: » {SOT 
1Z-0 ewe Hehe 199-0 ceee 6 8 ewer ceee fa weasel ape @ @ 5h 2 es ae CZ6IL C06 ‘T ee. ® «cele Se a 74 G Te eee Bre 6 ey ww a eo 6 ee ae fe) ‘ON 

12M ‘0D sey “3¥N uorug|:*s soe » {POL 
62:0 910‘T 029-0 wea 2:6 ade es G0 Cee aay ts PPI 8-G) FO6L CFS ‘T 2. Se © lee tele BIVBVINT GZ 8 aL gis. eiwra6 =\b) 6 aiekw ee ac eere l "ON 

TIS 20D yBBYAeURN Saloni lal oe uUMBq|ZT 
eevee 210 ‘T 9F9-0 we Or I°8 a ees +. 8.2) © PATON ta BolT Z-08 FI6L 009 ‘T ois. oc se 8 8 Roars & we 9% a ia See see Se ci A = ‘ON uo}q wey “sss etTureydng eT 
F1-0 110‘T c02-0 «pin: G- eT Se tp a a. ee, © orm | L:ST 0:69 O[-FI6L 008 ‘T oie S <2 8-6 8.88 Sey 6 os ¥ ST vA Scoe oe le 8 © oS 2 e. 6 28m we Of@ ere © a “ON 

T29M “OD sexy) ssulidg [IO] °** = set 
GT:O/670'T |FTLZ°0 |° °° {8°ST]' | TPS = 1G-2L [§-89 |9T-FI6T|S68‘T | °° ST G OS Se a ed | [OMS SUC CALEY ea ” VI 
61:0 Se aces. 6 069-0 & 614 eee ove 5s <<a e @ sole ¢ i wee a oh <tc "6 P61 cc0 ‘Ss . “BUTP2 IW ov MM 61 “é 8 Ss v. ele. 6 ie 2 eee | ere ae ¢ as TanenS) ‘ON 

2M “OD sey ssutidg [IO|*"** ” IT 
61-0 = « © the > C19-0 Fe Ty OSE Pe ie, RCOMON foe te armies Ra aM) Meet Sie) Fo6L 11¢‘e ieee 9 0) uoJUIL J, 61 Z SS) deere ef eek. a wie) eeLe ete arene e. oe oie l 

‘ON TPM ‘OD SBxd) s#utidg [IO] °° “weT[Hystuag OT 
¢O- 0 666 8G 0 C-% seer Z:0 eee ee FI 6:°S6 CZ6I OOT i Bie Le (e)'@ a Z wt ek | £ ensiar aces ole [2239 AOTLV UOIULULOG,  eeeoeeese as 9F9¢ 
7 eee geno fcc doce Pocpecfe fe F261 on * 6L enh ek [ON uapuntg eed bee hen |: 
0z-0l0°0 69-0 [oct peepee veeeefeves dozer Up loco é 9 ga aoa Z ‘ON WILD yee cee peal H) 
POe0e ft Se tO he eS O19 0 Fe L°9§ |G-F¢ |Sc6I OLbIe |e eS ” 8 jie Sos ie ea LON, CELLS aay tel ieh eee »  |O0L 
90:0 - fe © ws FPL:0 os bcs FOr ee eoeee cet iete A eM wice: |) alle :e@: ate |! 2s 8. ote PEGI COF cy:.2) 8) wre esepuoug eT - ee eevee I ‘ON BIBI) “UOSTEM, 19; a ¢ © @ ¢ 6.0 be “BIUIBG ) 

fyunog 
uojquin'y 
@ = ons es S*H| *N | 70 POORH*OrPHO/"HO o 
ie | bs ea 
SB) sae if a P9}92T | g99 uolBUrIO Z 
Bilao e| oe NOOe enaaei) © amanparae (ae eo 1M drysumoy, | $ 
= Ss) § sjuonqtysu0y Sa5Cr 
B S| = 


O11v}UO UI svyy [vin}eN jo seskjvuy 


" 


49 


6E-0]" 
€F-0/L90'T 


¢Z-0/F60 ‘T 
eee 160 ‘T 


eee 990 ‘T 
TT-O\SO1‘T 


61-0) ° 
TT-0/980‘T 


pee ieas 


Se lt Sid 


6:0. 


¢-0 
¢-0 


9-0 


“7 "1G*$. 19-0 [EO 
“3 
a eee 
Pe oo rs 
SF 
0-¢ 
PASS SS SS 
376 EF aL-0 
8:P 
€°¢ 


F-0 


*Or1s> 


ee 


"|Sc6T 


6" 9 - 19°88 


Por 


Fc6T 
PI6T 
xan! 
Fo6T 


FI6T 
PI6T 


"19661 


PCT 
FI6T 


")PC6T 
*"|FG6T 


PI6L 


"1FC6T 


9I-FIGT|E8e ‘T 


092 ‘T 


sos qOqUTTO]"* 


” a 


““BUIPOPY POY|ZT 
* BUIPOW OPA] 


eurpEg Rie) ydjany e-3 


se ee eee 


”? 


”? 


? 


9? 


”? 


”? 


” FG 


"o MORUTTO|TS 
ene eet 
UOT) ZT 


> OT 
> (FI 
> T 
WOW 
lL 


“ooByng|F 
me 1001 
= = (ROT 
» [OFT 
»  |98T 
 /88I 
vi 40 


vas abe 6 8 


wd NI OD 


rire 


”? 


? 


7OQTS,L 


re ta | 
‘a'T 


él 


“9A 
Wo ‘axB[PIM ‘OD sBVxy “wo0d]" 
a) Wie, ew eee hie Ee wie Cee eee “pAog 


‘osToAY qyIog “OO sBexy *Ul0CT]" 


“TIOM UMOT, AAO 410g] ° 

ie htcrngen TOAOCT WOg UT TOA] 
IT ‘ON uoqpreyyD ‘0D sey ‘wood 

Ride x wikis wont © Sours Ose TON 


uMolg “gq ‘f “OO sBey *wOod|'N 
“"TeAOY W1Og ‘T[PAA TOWSOW “A” 
UBMOY H10g “TOM YON “A “L] 


Rare iniAcR ALANS Amen Terao eset th amar eeNTS “UR 


” raat 
” 03 
61 


“-osnoypoo MIEN 
“***"** ULBUY PUT AA SZ 


>? 
>? 
? 


GS 
oN 
IN 


-MOY WOg “OD svy uoruluog|’ g ‘WIBYSuUISTe AA |IZ 


“CON TPM on , 
““Z°ON TOM on 5 
tar tes 

_ puouryory & 


OUT] UIBIY ‘OD sBy BULpoyy| 
CH ee ee ea I ‘ON WOO[V a ae 


a Sse ee ieiarel yp res wren 9) Skah ULIv] XO 


“OT[TASSUTy ‘T[eM wosroedsve *q]” 


<ie WS ee ee ak het i oo oe 


-IBQ 0} ouy-odid ‘sv3 outy-odrg 


Sh SOR GREEN nee. & tN ****(peytind 
-un) BUTy jog ‘ses ouly-odig 


2 ON 
}jouusg “OO sBy 4YeN uolug 
SRO hte er ure 
lyeg “OO s¥ey “YeN uolugQ 
ssp kee kn eet Cente COT 

ON TPM OD 88H “FEN BOrUy) |” 
qynopeq ‘OD sBxr) “YBN uoruy 


yia'k RSs Wee aeapeere ates -"TTOAA 


fyunoy y20f40 NT 


one ween: 

Bees: ete 

601 
“mete Tot 


fqunog uibpq 


» {Ta 


"S ‘PIPYSODI9T 


fijunog rassq 


“sss premon lg 


os ee 


” IM 
”? PI 


To YSroyey eT 


UMpPTeg “OD sBH “YSN words) °°" ** ; ” M1 
PR aa oe “O17 "ON TIAA 

Aepyey, ‘0D sBy “4eBN uot |******* * Aouuroy | AT 
as Siete es Peters eee ses erTtg Ay 

AvpyeH “OD seH yeN woruQ |”: ” V 


25416—5 


50 


280‘T |g29°0 

¥80‘T [002-0 

696 |z99-0 
6g-0/966  |FS9-0 
6§-0|2c0‘T |899-0 
8¢-0/996 [069-0 
Zo-0/Gh6 —_|8F9-0 
0F-0|'""**"|Z99-0 
ge-0} 00°” 799-0 
6E-0/SZ0‘T [099-0 
62-0) 769-0 
1-0) Aces 929-0 
ra A) eee 909-0 
g8:0)7° 7 Scs 189-0 
aoe oe 
Ge. 0| ree 199-0 
a) aa 029-0 


ZP:0|600‘T |689°0 


| 


& Mm 
a8) QO} _Y 
SSIZVE| ws 
ReIOWE) FE: 
SBVLaBy] Ie 
B iq te] 
lore ~— 098 
co oes a: 
ct 
Bice eles. 
Bol 


00F *-u0zUTTD|9 
CIg¢ \ 
OOF fs] BUIPOWW 971q A /9 
og¢ [tec arpa py 
er BUIpeT SVM 
pues uozJUITO OT 
F0Z‘T 6.@ ©-0.(ei'e 6 #18 Lconhona@) P 
6Z1 =T Wer Bee ca, rere uozVUl[D 0G 
LL = money 
OFS: Te] eee OL eT. 
EGET] ** WOULD | OT 
086 \ 
068 f\BUrIpey o71G AA 


pue uoquryD|¢T 


0-01 "GT [9°Fd 
resale a ae Cees Natives 
g-er|T-0 |" "|2-T |0-8 [6-92 
2-6 @0 eee 18-98 

PSO sot [FL [9-42 

1ee2TIT-O [9-0 [7 S31 [4-69 

“IT-GTIF-O [9-0 | FRO [o-2e 

fs PAN GA vee | ge eo 2 
Elesa G0) es 6-01 |9-82 

S*H] *N | #0 (OOPH*0PH*0/'HO 


s}uen4I}suoy 


pe}e] 
-Joo 
o7eq 


L160 ‘T SuUrpely 

pey pus uozurpoO|, 
660'T | °° BUIpeW Ped]. 
066 lc “eUIpo TW 

Ped Pus Boy 2 
8c0*T | °" *BUrpeW 

OEM pues powlF 
TcO‘T |' °° BUIpeT Pou |Z 

yoo} UOT} BULIO 

yydeq eau aet 


oe) x afase: . “ULIB] OIG “UIAAI*** ** . eg 
en ules preuopoeyy “ural ttt ras 
oh, danke ‘TOM SHIOM MOTT FyNYSyDOO|****** -eBepuoud Ia 
fquno) quv.g 
ee dODUIIG 699 oul-edig Cee rere ee ere eer aene CZ 
Tet ett CONC Teste Nex eat oo Ar ere et Yt oe Ee Te et . “dy esnoy poo MA 
wor} 900 WIIG ‘op eutlj-odig © e686 6,6: ole 6 66 6) a) e . CTI 
ais! [oplepievietleuisihieiivn »:catels ‘ppg qoopeud T-149q 
ulody QOOUITG ‘oes eulj-odtg ee eeee VEL 
val I ‘ON suvutoxX ‘0D sexy ‘uIoq|""*** *pussuMoO TI} /ZT 
IT I ‘ON 8310qQ 0% ‘OD ‘sBxy) “UIOC |" GCI 
Ces kee SOYVO "'T “OD sBxy) “Ul0OG |" “oTTAoyopreyD 6IT 
Ci ees eouen® V ‘0D sex) “uI0d |" » —_ |9BT 
“i, CC emt esa I9T[9, ‘Vv EZOe) SBx) “ulod cee eee 33 LIL 
6 TON TOysty “f “OD sey “Wod]*****UoPOTPPIOTT 
9 TOUOHT A “AA “OD 88H “UO |" ** » [821 
é “Tt deqTnog *d “OO sep “woq)"**** » ‘(820 
Q@ [etree ents eee tees reese I ‘ON 
AesoalT “f “OD seg “woqd]*** ” aa 
v “ABMOTIOH *M “OD Sey “uod}****° ” ia 
ta " SUIBITTIM “H “OD se “uoqd)"**** OCT 
i “TON Woxt] “0d sey ‘wod|*:“-esnoypooy\ |FTT 
“Uu0g— 
fqunoy otis: 
a 
© 
Se 
Z 
ar o@) TM drysumoy, ° 


panu1jU0I—OlIvJUGQ Ul Sve [vinjeN jo sosAjeuy 


51 


a weg) Se 


9Z-0|000 
9¢-0|180-T 


G¢-0/8S0‘T 


see eee 


1¢9-0 


¢0 ie sene \p 


Viens se 2 


+s deg 
—e f556 TE 0 19-0 


sae 


ee ee ry 


cle 


a che 


se lTy 


leg 


C64) 6 el Sere ew « 


es ee oe er 


see ee 


@. ews lente 


eee ee 


sewer te ee eo elo eees 


see ee 


e107 2 Ahem wisi ie Det a we 


+ Se ee ee wie. fre a em &. 


7s Dy C7 


==" C61 
_  |Se6t 


SC6T 
vc6I 


"|P66T 


vI6I 
vI61 
VG6I 


VI6T 
vI6I 
ve61 
Gc61 


008 
68L 
00 ‘T 


062 


4 


Bg oe eas ee eT 


“BUTPOW, OFT AA IGT 


““BUIpeyT Poy |ST 
““BUIPEW, O4TY A GZ 
meen ks 


“+ -eurpepy poy’ 
""BUIpa Ay poy |Z 


“UOPUTD|ST 


“wOPUTTO| ST 
“""BUIpey, Porw|z 
"wozUTTD|g 


top ury ST 


02 MULDOON Pla tT 
— _. SUIPSW Pou st 


“BUIpa Wl OU MFT 


“UOPUT[D|8T 


UOPUTTD |Z 


“4d 


yoooveg 


OD re 00 


~ 


Se ORE OT CS ae ace! 
is Aelia areas ke ACTUY ‘Vv “0D SByy “mod oe . = 9ST 
ae “pueppovy ve) OS) SB) “Ul0G = es) o> 0 @ 0 - OfT 
Wate) ene uvjfod “M “ODN SBr) “wod Ae a Oe ae ea . 621 
eevee ece yoodg ag “Or SBX) “mod . teete oP FE 
Sean esa - TAMA 
yong | “M —Ory SCr}* sro eT “UO}[NO V49 
“Urey TOHOOT “Gg “H}| °°" » |GH 
Res cach Pir aren Sa pueprey 10g]: a li 
SWAY ot arth a ree qoeT}S[IVA 
‘uepMog ‘f¢ “OD sey ‘*u0d|’ “*-uunqd |8Z 
ni Jelee ae 6-6 a) 0 ew 6) OS UIIB] ddoy, “ser Te er fie ett PA LH 
Ce ee ee wre] OIOWIpILy “Aloo oH 


see ‘dures ‘H a @) SBx) “m0Od . 


saeM etapa tala) Master Biel sicomsltanaie, oe wog puz 
puv 4s—T WeoMyoq peol wey 


ess ‘eankeg 9G 


-UIBYT ‘oul 19 “Cy SB) mesceras | ° a PFI 
Be ec ae Ge ae a I ‘ON 

TPM P28N “DH “0D sBy “Uoqd|" = » — |9VT 
iis scapes Mtns cae TON TOM 

T0AOOH ‘f “f “OD sey “woqd|***** : »  |SbT 
me ere a hr ~ ageoy 

UMOID) “JOT 1OIVM OLIGQG Oye °° s IlH 
[]9“ ulysny “AA “OD sey ‘wod]" Urey Urey 6% 
Sathelis nee Gehieute nite Wels, /one lane eile outy-odid 

BIUOpPyeO-AIMIPES Woy svyp ss  ,, PGT 
SRP c Som eng as hatin: oases oS yaryyog 

‘UOT}BIS SBuIyelnsoI WO sey] -"*: Sa. OFT 
eM a iKe (ie) je) te te) = STTOM eal Aq pej “u0yn 

q39 pus Y}G UseMjoq oUTT-odTg|" eee IFI 
ae OPA ie Og SB “Ul0od . see i CFI 
SHAM Vk. CO Set) ere ae 7a 1GEL 
UIIB} 919010 “ff ‘OD SB) ‘UIOGd|" 5 han eee 6H 
Se earn ra ava ae ace I ‘ON 

TI? dnoyg “oD sey “utog|***** Bessy = SING 
GEES Ore OO keen Z ‘ON 

TOM MBIPIBT “OD ‘sBy ‘uroq|****""**" apodye MA |1E 

fiyuno) 
 pinteahendl tod « § 

cae. Pots TON TM zoqungy “A puepyeolpz 
Ce uIvUL 4atode,p 

-PpIN —esepuougd ‘oes euly-odig wih ens Uwe os 9 eeleue alee . (667 
gee Sos ‘*proyjuvig ye usyey 

‘UIVUL ese puoug ‘Ses oull-odi gq © ©. B50 ee) @ (6 ee mee) 1S . VP 


25416—5} 


52 


“"*"1490'T 1979-0 |° °° 19°8 


ZE-O\SOL‘T 679-0 | °° 19°F "IT TT |p P78 1P6T 
ez-olo 79-0 (oo Nh Lee P26 
12:0) &F9°0 : ; *"1SZ6T 
ZE-O1LG0‘T 1999-0 | °° |2°6 C0 T‘ZE 0°82 |SZ61 
pe-ol 189-0 : lees +261 
we-Qlc 599-0 Re lee ee: Peas +261 
oe-Ql 929-0 ee ee ee ees oz6r 
ents aCOOs0 | o-cete te ceed. ell ee PST 1-92 |PI6T 
ete rY ere Tess ¢ Ce as | oes oo @-FT |F-6L |PI6I 
T£-0/220°T |#S9-0 1:6 Oe ee Z-FT |8°S2 |S26T 
ear teres 029-0 ttn Me coe eo) do nee ozel 
Te-Olco 9-0 foc bot | oe ae a aes oz6I 
9z-0l oF9-0 at Sent See $26 
ge-Qlc +e ee eee Ges ce ozer 
Wz-0l 999-0 Ss aaa ees o76r 
eg-gfon ce9-0 [effete = | erases pete Beaty Peal 
Oz-O\ on 869-0 SARS ete. 2 Rarer orae a 7et 
SE ae © |S*H|*N | 70 FOOPH*OPH%0| "HO 
Lar} hy mom: 
eB] ie. i = P9399] 
Bo [G0] Mr -[00 
5 & ey 8 szuonzIysu0g oPect 
B o| & 


see eee 


¢Z9 \|" 


--+ + -euIpoyy 


pey pues uoyul[p|é 


ae ee 


PER a a ue me aa ew Te pa 


ie) foal ap 6) arena we) Cee oe 


BUIpoW OTM 


e 


pue u0jzUI[D|8¢ 
So LeURTE ED 


fas aioe “WOW! FZ 


BUIpoT, 


06g f{poy puw uoyuTT|, 
“*BUIpeH Pert |s 
"-BUIpaT Po’ 


400} 
ydog, 


5 ene one ss (6 seer) ew ee 


wurpoyy OUT ITT 
“BUIPO TL OFT AA aI 


VI 


“"BUTPOT, OFT MG 


UOT} VUIIOJ 
Suronpolg 


10" 


8,suno X 


CO rat ra 


OO N 


40814 


mt Cer@) 


Were dre 8 ae asl augers "++" TOSIOUITL “WV 


cal 6 oF iat) ULIB] Poop “Ss 
“"* "UL STTaa GT ‘OD sBxy “WO 
“ WOSUIGOY “MA ‘OD SBxyy *WOd 
aes a eulj-odid eIuope[BD 

-HATY[OY FULpoof OUT] SUrpooT[oO 


T‘ON OTM *g “OD sey ‘ul0gd 
Liga Se Dae eae Eee ee BOE 1°ON 
uosduoy T, *f “OO sBeyg “ul0d 
BS ee ape eve ee ae Se 1 ‘ON 


ure, “MM “OD sey ‘uIOd|’ 


© Wael. 8) elecerts, “ewe «are. o (6 sie 58 {IOOT[ PITAL 
Os oe ey od 
“""''DBOI FOATY “TOT 
‘ON TPM “OD 88) JENS Od 
"IOALI PUBIOH YON ‘ZOT 
“ON TOM “OC SBD “PBN “WOd 


ese UOTLVYIS BUV[NGIL ISBUTAA| * 
UOTZSYIS SUIYV[NSoI pvoxy Pp.Ald|’ 


SS esnoy 10}yeur “OD [IO 


pues sex) o1oquey oul] Ulsiq|" 
Z ON 840d ‘f “0D sBH “U0d|" 
TON Young LOD sep “wod|” 


Paeetane corer nes oe zou 


-aAT “VV °H “0D sey *u0qd |" 
was “UdTTV “W af ORY SBxy “ULO(T . 


‘WAINYUBA “OD “OD sBy “wWod|" 


Tl? 


>? 


”? 
” 


>? 
bP 


”? 


? 


? 


9 see: Merle N ‘gsn£By 
= 2? 
? 


”? 


61 


OFT 


its 


--ysnor0qued 6Z 


"u0y—fiquno) 
punurrp)” 


drysumo J, 


panuyuor—OlIvJUO Ul SVD [vINIeBN Jo sosAjeuy 


53 


Gg-0)"*'*"|F99-0 
co 979-0 
¥%-0|'°*** [999-0 
¥B-0/L10‘'T |¢¢9-0 
"**"1220‘T | 619-0 
a eee 699-0 
Biers Gane 
"**-16G0'T [e8¢-0 
0) 619-0 
oe See ark 
SII‘T |3€9-0 
QZI‘T |8£9-0 
"“1T60‘T |849-0 
gets" 0#9-0 
fr ool be tie 
FE-0|FF0'T 109-0 
VEO aes 289-0 
6IT‘T |229-0 
TSO) 2: 799-0 
GeO)": 002-0 
92-0).7°7 7" 701-0 
7a) ¥99-0 
HT ee £F9-0 


are 

hee iro 

Be a7 1-0 
ate Bs 
eee 0: 


Spier 


ON 
So 


ese ee 


sees 


se eae 


“+++ "BOTTA 


097 } 
ITM PUB Ped |9s 


ee ee el mNTNATIAT AnIMTAA UL tf ft ttt 


eUrlpoyy OFM 
pure wozuTTD 


5 ee 
SGP pues uozUITD oN -enepet 
0g¢ BUIPO Jy OUI M 
pue woxurO|, 
002 + goqurTgle 
OMe =|, 
one’s |o-te eH 
06 ‘7 siemeie tetas UOPUOL I, z 
Coe eae 
SIG aie /Oolerseis, Tale woyUTTO ZT 
888 “BUIpeT SUNY MIPS 
008 \ 
002 - gurpeyy|2 
606 BUIPoW ONAN 
ogg |" BUIPOTN OWA eT 
9? 
she gine Levit cess Hi me Ure 
Be re _ 
oe Fees es se epUTpa yyy we 
ees ++ -BUrpopy 
poy pus uozulpO)"** 


6 


eC ee 


oe ee 


a 18) s..9! pe 
ete ete. oe 


see eee 


Fee eeeeenrgng 
4eog “M “OD sey ‘yeN ‘AoIg 


“+ *-qaBayyoRT_ 0} OUl] YOUr-g] 


aireretatecd oie: bree ees! e610 *°** ound 
“WAT “OD “M “OD SBD “UOG 


Ss "sosATeue 1 PBVIOAB 
‘S]]TRq Breslin ‘outj-odid ureyy 


*o****TOOIQUIG| SPF 
hyunog 
Yyrsompua M j9ST 


3? 


PEL 
EERIE TI C-7Q) 


fyunog ujoour'T 


ae eats 

“ue *) “OD SBD “YBN “AOIG] "gy LM 

ee leet Se tet te 

‘ON TPM “OD SBD “YBN “AoTg] PUue[MOIO|GP 

NS tae ‘3 

ON TPM = 28D BSN etd) Se a9 

ON TPM "90 880 VEN : 

“ON TIPAA “00 88D AEN [ACHE GM 

ON TPM 00 880 UFEN | s 

“OR TEM OD) ODEN SO SE 

ON TPM 00 880 FEN | se 

ON TPM ‘OD SBD “YBN “Aorg] peer ed (3 4) 

ON Il . 2 Pe Greg Soh 

es ees ee pat 

Sreigia oad ee eee 

ee es eee i 

‘ON TPM 89D) SN AOS “2 9 [OZ 

ON TPA 00 880 ot ae 

OUIGY “Id OD SBD “YBN “AOIg] were: 2 

UTA. “td, (90 880 9 A 

OUIqY ‘Iq °0D SBD “YSN “AOIg|* °°" "OTe |ZP 


S[[V BAVSVIN' 04 ouTy-odid ure yy] ** 


“orpIog pue 
_ eu0}s10q WIN FT | Eh 


ide 2 yeaa over POS Own rere TOA s. IM 

Ties dUIOGI[OD 4LOJ 0} OUT] 

-odid ‘0D sBx) dUIOG]OD WOg]** . I? 

scart cig aparcnane = Yeses*T SON YRO 

“ue “OO SB sUIOG[OD 410g] * * 9U04S.1Oq WIN FT |6E 
Bd la ik ae pias oa Ike atten » _ |88T 


“STTEAA “AA “OD sux) ed @ | 


“ores agatzUle | ee 
fqunog punjja 4 


MPISU() 
pues vooUIG|6FT 


eee ee 


54 


“CZ6T ‘ysnsny "GZ6I PUB FET UL pozeT]oo sojdureg 

‘s[erounu Aq poyouep ‘p1oyoO *f “W pus AqVIOMTY ‘WU Aq sosA[euy ‘sevxy [wINyeN UO SUOT}BSTISOAUT ls! SOUT] 
*roquinu Aq 

PpoeMoy]oy AJuNOd Jo 10749] [BIFTU Aq poyouop ‘ozUOIOT, Jo ApIsIoATUy “Ysepry “YH “A pus ‘ured * AA “fC “SMTA “H “MM “JOLg Aq FIGI Ul opeut sosATouy 
‘OPPIW WD ‘OlrejzuK Ul punoj ses [vinyeu Jo uolyisodwoo [wotureyo oy, “17-1 “dd ‘eZ “JOA ‘FI6I “YdeyY ‘UUW ‘sour; Jo nvoing o1eyuO 

*107}0] AQ PoMOT[OJ [B1oUINU Aq pozJoUEp ‘OIG UI PozeT[09 so[dures Jo sosATVUY 
‘uBuUe TOW ‘Of Jorg ‘omdury ystpiig oy} Jo seomnosey UINITey{T oulog uo ysodoy ‘ZZg “ydoy Youvig souryy 
—:81ep Jo seoinog, 


10-0loes 189-0 | Ie 16-0 bh d@-2z Fee6E OSs’ ‘eOBNGIE prooccccpos *- ULIB] UOSYOVE “I ** “WosuINa TF 


fyunog aoowmigy 


68:0 C96 029-0 ae 8 iW 4 9-ZI Ceca Brom So ie se eee 0-¢ FS Fe61 CHG ee 9 es Cee ae ESTO AN ‘ULIB] WIeyB1ty od eee “ c 
08: 0/06 98/0 & <6 tere, ZPI se eefoe eee piiearat | ()e 7 8° FR PGI 06S ee Ce I nressses7 Te ‘uTTey AUSF 9) seer ~r e 
ge6 
61°0/696 [€29:0 | °° O°eT) “10°F + |0°F8 |Fc6E 00 ‘WOM é : 
Oss jj) [SYS uospar 7 . et ae ““T TOM ‘Utrey AruoFy *H] °°" M “WOpeTeOIT 
hyunog 129g 
ez-0} 099-0 Frc doef feet vecfeveecfesessloger lage [eee s sss -uogurpolpr Pe re ies secon 
‘TOFS M *f “OD SBD “YEN “WOd] =" "* PrOvaST Sst 
Teoh 199°0 [occ focee fof one Ge Gee rs ae BUIPOP, OFT AA 
pus uoyUTD ©. iwi [oT ewe 10.10| @ 8) will #1076. .6' 10.10 16 oe eer eres ° *U01}848 sul 
4elNFo1 YYVoYyyoOVl UOT svyj]-***** * LST 
ee.g)itt: 029-0 [rcecfeeee fee feed vecfevercPeceesdagep oo foreees BUIPOT OTT AA 
pue uoyuTyo| re ee seer ton 
Arg ‘f “OOD 885) “}eN ‘uloq|"***** ” IST 
ISO con-0 fcc tcf pepe dere fee ---lezer loge [occccreumpope || eect etec Dee Seer u0}8 
O7tUM — Pues 1S v “uyor *H “0D 88D “YBN “AOTg) "°° YoOrqura|0g 
"u0gN—fzunoy 
YILOMqUa 
=| S| oF 5 
EEE O38 @§ |S*H)*N | 0 POOPH*OPH*0/HO o 
a ete a ed 
eB a 2 P2P2T | go0] UOIYVULIO} : = 
& [ae] on wi? undo] sutonporg POT] “¥°O Tl? drysumoy, | 9 
gee} & 8}U9N4T}SUOL) 
aaa 


papn}9u0I—OlIvJUGO Ul Svyy [vVIn}VN jo sosA[vuy 


55 


SUMMARY OF AVAILABLE SUPPLY OF HELIUM 


In the following summary of the estimates that have been made in the 
previous pages of the possible recovery of helium from natural gas at two 
points in Alberta and at four points in Ontario the assumption is of course 
made that helium can be extracted from gases containing as little as 2-0 
cubic feet per thousand with an efficiency of at least 80 per cent of the 
theoretically possible recovery. 


The question of costs is not considered here. 


The quantity is as follows:— 


Ee 
re) : 
: Helium 
‘ natural Helium 
dea ue pas content seco Nepabie 
station available cu. ft. pestis 
per per M ft 
annum para 
M. cu. ft 
Ler core katy aga W he RO eae Rae Uy ae bee eyed Foremost or Burdette..| 1,200,000 2-0 2,000,000 
ati TMG uae s fe be she ees Burdettes.. ares cask 526, 424 3:0 1, 250, 000 
Norfolk County, Onte, vie oo PATO fs set ote c cred aero © 287,790 3-9 900, 000 
Haldimand County,’ “) eo2..2 Diunirvillei ye esiee.to4 127,139 2-7 275,000 
Haldimand County, ics. cease Winger. 20.00 sates ont 2: 250,377 2-7 540, 000 
Peel County, A Sap ng eee Inglewood alae. Satna 30,000 8-0 200, 000 
SLAPS Ga beeen ee (Le eer) Ae eat ee aaa Gao ute y cident La ahs leur aang 5,165,000 


REGULATIONS REGARDING CONSERVATION OF 
HELIUM-BEARING GASES 


The Dominion Government controls the petroleum and natural gas 
rights in Manitoba, Saskatchewan, Alberta, the Yukon Territory, the 
railway belt in British Columbia and the Northwest Territories. Reg- 
ulations are made by Order-in-Council and are enforced by the Mining 
Lands Branch of the Department of Interior. 


The following paragraph was incorporated in 1922 into the form of 
petroleum and natural gas lease as issued by the Mining Lands Branch. 


Saving and reserving nevertheless unto His Majesty and his successors the helium of, 
from, or found combined with, or extractable, or which may be obtained out of, the pe- 
troleum and natural gas within or mined, won or produced from or out of the said parcel 
or tract of land and premises hereinbefore described and granted or demised or intended so 
to be, together with full power to win, separate and extract the same, and to treat the said 
petroleum and natural gas or subject the same to any operation or process which may be 
necessary, effective or advisable for that purpose, and to enter upon, use or occupy the 
said lands or so much thereof, and to such extent as may be necessary,. and to set up and 
operate any machinery, appliances or plant, and to resort to any process or operation which 
may be useful for any of the purposes aforesaid. (First paragraph, page 2, form of lease). 


56 


The following section 41 of the regulations attached to the lease may 
also be applied. 


41. The Minister may at any time assume absolute possession and control of any 
location acquired under the provisions of these regulations, if in the opinion of the Govern- 
ment of Canada such action is considered necessary or advisable, together with all buildings, 
works, machinery and plant, upon the location, or used in connexion with the operation 
thereof, and he may cause the same to be operated any way and retain the whole or any part 
of the output, in which event compensation shall be paid to the lessee for any loss or damage 
sustained by him by reason of the exercise of the powers conferred by this provision of the 
regulations, the amount of the compensation, in case of dispute, to be fixed by a Judge of 
the Exchequer Court of Canada, provided that the compensation in any such case shall 
not exceed the profit which the lessee would have earned in the working of the location and 
the disposal of the produce thereof, had possession, and control of the location and of the 
building, works, machinery and plant not been assumed. 


In the last session (1925) of the Legislative Assembly of the Province 
of Ontario the Natural Gas Conservation Act 1921 was amended by adding 
thereto the following section. 


5a. Where the Minister is of the opinion that helium, argon or any other rare gas is 
found or is capable of production in commercial quantities in any part of the Province, the 
Minister may give such directions and may make such orders as he may deem proper com- 
pelling any owner, lessee or proprietor in such territory to close and keep closed for such 
time as the Minister may deem necessary any natural gas wells in such territory in such 
manner that no gas may escape therefrom until such steps may have been taken as the 
Minister may deem necessary for the extraction and conservation of any such rare gas. 
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CHAPTER V 
THE TECHNOLOGY OF HELIUM 
USES OF HELIUM 


Helium possesses many remarkable properties which may make it a 
very useful industrial gas with many commercial applications when supplies 
are available in sufficiently large quantities and at a price low enough to 
permit its economic utilization. Up to the present about twenty-five 
million cubic feet have been separated from natural gas and the greater part 
of this quantity has been used in United States airships. 


Use in Airships 


Helium is of value for use in balloons and airships because of its 
lightness and particularly because of its non-inflammability. The first 
record of a suggestion of the suitability of helium for this purpose is probably 
a statement by & German writer, Austerweil,! that helium would be the 
ideal gas for filling balloons and airships but that the idea was a Utopian 
dream. 

Reference has already been made to the realization of this idea and to 
the history of commercial production of helium for this purpose. 

However, helium has only about 88 per cent of the lifting power of 
hydrogen, and the difference that this makes in the available load of a 
large airship is very considerable and is one of the chief arguments advanced 
against its use. The main advantage of helium over hydrogen is that 
helium is non-combustible. Everyone knows that a mixture of hydrogen 
and air is exceedingly easily ignited or exploded, depending on the propor- 
tions of the mixture. No one who witnessed the destruction and descent 
in flames of zeppelins in air raids in England during the war, or of observa- 
tion balloons in France, can fail to realize the great advantage of using 
helium. 

Another possibility that the non-inflammability of helium permits 1s 
the arrangement in some way of heating apparatus in or around the gas- 
bags to expand the gas and increase the buoyancy of the ship at will, or by 
cooling decrease the lift when it is desired to land. 

The rate of diffusion of helium is less than that of hydrogen and on 
this account it might not be necessary to add make-up gas so frequently 
when helium is used. 

The chief reason why gas in an airship has to be frequently renewed 
is that after a time a certain amount of air leaks into the gas, thus reducing 
the lifting power of the gas, be it hydrogen or helium, beyond the safety 
point. In the case of hydrogen it is cheaper to refill the gas bags with a 
new supply. Helium is too costly to allow this and the United States 
authorities have developed cheap methods of purification whereby the 
contaminated helium can be passed through the purification apparatus 
and returned to the gas bags without loss. When the relative costs of 


1 Austerweil. Die Angewandte Chemie in der Luftfahrt, p. 8, published by Oldenburgh, Berlin, 1914. 
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hydrogen and helium are calculated, the fact that perhaps ten supplies of 
hydrogen per year will be required to one supply of helium plus the costs 
of six or seven purifications, must be taken into consideration. 

Another improvement that the United States officials have developed 
to conserve helium while flying is the installation of apparatus to condense 
the water vapour in the exhaust gases from the engines of airships and so 
maintain as far as possible a constant load. Otherwise helium would have 
to be valved periodically to compensate for the loss in weight due to the 
combustion of the motor fuel used. 

Much technical discussion has arisen in the United States over the 
relative merits of helium and hydrogen. The practical experience gained 
in the operation of the ill-fated United States airship Shenandoah and of 
the Los Angeles has been of great value and the general opinion! seems 
to be that helium is the only gas to use if sufficient quantities at a reasonably 
low price can be obtained. 

The Shenandoah, built in the United States on the model of the German 
Zeppelins, was put into commission in 1923 and made many successful, 
long cruises. The record of its 9,000-mile trip from the Atlantic to the 
Pacific coast is a most interesting story? and demonstrates the possibilities 
of commercial airship transportation. 

It is not believed that any airship could have survived the terrific 
storm which wrecked it in September 1925 near Ava, Ohio, when fifteen 
of its crew were killed. Had it been hydrogen-filled it is probable that 
there would have been no survivors. 


The Use of Helium-Oxygen Mixtures in Deep Diving and Caisson 
Operations 


One use of helium that may have great value is its use in making up 
artificial atmospheres of oxygen and helium to supply to divers and caisson 
workers. 

Dr. R. R. Sayers and W. P. Yant of the U.S. Bureau of Mines have 
carried out an investigation’ along these lines which demonstrated its great 
possibilities. By far the greatest amount of time a diver can spend under 
water is taken up in his gradual ascension. A diver descending to a depth 
of 200 feet can work perhaps for thirty minutes, after which he must come 
to the surface slowly and in stages, taking perhaps 2 hours in his ascent. 
In the same way workers in caissons, unless slowly decompressed, are liable 
to serious ill-effects and even death. The cause of this is that the nitrogen 
of the air pumped down necessarily under pressure is absorbed by the 
body tissues and fluids in abnormal amounts and if the pressure is released 
too rapidly the nitrogen comes out of solution too fast to diffuse away and 
forms bubbles in the tissues, which may have disastrous results. 

Helium, having a lower solubility in these fluids and also a greater 
diffusibility, should not have the ill-effects of nitrogen. Its inert nature 
is also an advantage. Experiments by the authorities referred to above 
showed that helium-oxygen atmospheres could be breathed by men without 
apparent discomfort, and that animals exposed to such artificial airs up 

1 Moore, R. B.: Ind. and Eng. Chem., Vol. 18, p. 210 (1926). 
? Wood, J. B.: Seeing America from the Shenandoah, National Geographic Magazine, Vol. 47, No. 1, Jan. 1925. 


§ U.S. Bureau of Mines, Reports of Investigations No. 2670, Feb. 1925. 
Eng. News Record, Vol. 95, No. 15, p. 586, Oct. 8, 1925. 
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to 10 atmospheres pressure, suffered no ill-effects and could be decompressed 
in one-third to one-quarter the time necessary when air (a nitrogen-oxygen 
mixture) was used. 

Such helium-oxygen atmospheres have great possibilities, therefore, 
and may permit of greater depths being attained and longer periods spent 
under water by divers, and the prevention of caisson disease in tunnel and 
caisson workers. 

Other Uses 


On account of the high heat conductivity of helium, combined with 
its inert character, it has been suggested that certain types of electric 
generators and motors in the operation of which much heat is generated 
might be surrounded with a helium atmosphere which would afford a greater 
rate of cooling than is possible with air, thus permitting of an increased 
load. Helium might be of value similarly, for use in transformers and 
high-tension switch-boxes wherever there is any possibility of an inflam- 
mable vapour or gas mixture being present which might be ignited by an 
electric spark. It is probable that these uses have been experimentally 
investigated and may become applied industrially if and when commercial 
supplies of helium are available. 

The use of helium in searchlights has been suggested on the grounds 
that heat from the carbon are would be readily conducted away, and that 
there would be advantages in its lack of oxidizing power. Small amounts 
of helium are occasionally used in electric discharge tubes, similar to the 
neon tubes that are now so widely employed in Europe for advertising 
purposes and illuminated signs. Helium is not desirable for use in electric 
light bulbs, which now contain small amounts of nitrogen or argon, as 
blackening of the bulb occurs due to volatilization and deposition of metal 
from the filament. 

Another suggestion put forward is that helium might be of value in 
the casting of aluminum and its alloys. Nitrogen is now sometimes used to 
blow through such castings just before they set to remove other gases 
which might have a more deleterious effect. It is probable that helium 
is much less soluble than nitrogen in molten metals and has the added 
advantage that it will not form any compound with the metals. 

Although a study of the properties of the various elements at the 
temperature of liquid helium is of the utmost scientific importance it is not 
probable that the low temperature so obtainable will have any industrial 
applications other than might be obtained more easily by the use of liquid 
hydrogen. 

It is probable, therefore, that the properties of inertness, lightness, 
and high heat conductivity may make helium of great industrial importance. 
However, few applications have yet been considered owing to the restriction 
on its exportation from the United States and the relatively small amounts 
of helium available for large-scale industrial experiment even in that 
country. 


EXTRACTION PROCESSES 


Although at least four experimental plants and one large-scale plant in 
the United States and one experimental installation in Canada have been 
operated for the extraction of helium from natural gas the same general 
principles have been employed in each. It is not proposed to enter into 
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details here but only to indicate briefly the main operations followed in the 
general process. More detailed descriptions of the extraction processes, 
illustrated by diagrams and photographs, are to be found in several papers 
and reports! which have been published. 


Methods Employed 


The methods used depend on the fact that the main constituents of 
natural gas, methane, ethane, and nitrogen, can be liquefied at much 
higher temperatures than helium. Ethane becomes liquid at — 86°C, 
methane at — 164°C, and nitrogen at — 196°C. Consequently, the helium 
which is only liquefied at — 269°C, can be pumped off in a gaseous state 
after the other gases have been liquefied. 

An analogous process is the separation of argon and neon from the air 
which is sometimes carried out in conjunction with the preparation of 
oxygen from the air. This latter process, the recovery of oxygen from the 
air, is now in common use in all parts of the world and plants are established 
in almost every large manufacturing centre. The general types of apparatus 
that might be used and the main lines to be followed were therefore worked 
out when the first experimental plants for the separation of helium were 
planned. 

Outline of Processes 


The processes may be divided into five series of operations; com- 
pression, purification, liquefaction, rectification, and final purification of 
the helium. 

The natural gas is compressed to pressures, which vary in the different 
processes, between 500 and 3,000 pounds per square inch; the impurities 
such as carbon dioxide, water, and traces of heavy oils are removed by 
treatment with caustic soda solution, calcium chloride, silica gel, or by 
refrigeration. As the liquefaction and rectification apparatus and parti- 
cularly the heat exchangers contain many copper tubes of small diameter, 
subjected to low temperatures, it is essential that every trace of these 
impurities should be removed to ensure continuous operation of the plant, 
otherwise they would solidify in these tubes and prevent free passage of the 
gases. Many improvements in the extraction processes have been mainly 
concerned with the more efficient removal of impurities. 

The compressed, purified gases are then passed through the heat ex- 
changers. These in principle resemble water-tube boilers, being formed of 
numerous copper tubes concentric with wider tubes, and have as their 
object the cooling-down of the incoming raw gases by heat exchange with 
the outgoing cold treated gases coming from the liquefaction and recti- 
fication apparatus. The purified natural gas now at a comparatively low 
temperature requires only the abstraction of a little more heat to have its 
temperature reduced below the liquefaction point. It is in the means 
adopted to secure this end that the two main processes differ, for the pre- 
paration of oxygen from the air as well as the liquefaction of natural gas 
for the recovery of helium. 

1 Pollard, Lieut. W. A.: The United States Helium Production Plant, Fort Worth, Texas. U.S. Public Works 
of the Navy, Bull. No. 31, pp. 13-46, April, 1920. 

Moore, R. B.: The Commercial Production of Helium, Ind. and Eng. Chem. Vol. 18, No. 2, pp. 203-211, (1926). 

Wicks, Lieutenant Commander Z. W.: Six years with the Navy in Helium Production. Jour. Amer. Soc. 


Naval Eng., Vol. 37, No. 4, pp. 698-718, Nov., 1925. 
McLennan, J. C.: Helium, its Production and Uses. Trans. Jour. Chem. Soc., Vol. 117, pp. 923-947, July, 1920. 
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In the Linde process! advantage is taken. of the Joule-Thomson effect, 
the fact that gas at a high pressure allowed to expand to a lower pressure 
through an orifice loses heat. In the Linde process, therefore, the natural 
gas, compressed to a pressure of 2,000 to 3,000 pounds per square inch and 
already cold because of its passage through heat exchangers, is allowed to 
expand through a valve to a lower pressure and in consequence has its 
temperature so reduced that much of it liquefies. 

In the Claude process! which does not require such a high initial 
pressure the gases are cooled to the liquefaction point by allowing a certain 
proportion to do work in an expansion engine. In either case the desired 
result is obtained, that is the greater part of the hydrocarbon gases liquefy 
in the lowest compartment of the liquefaction and rectification column as 
the apparatus, usually built in one unit together with the heat exchangers, 
is commonly called. 

The column is divided into several sections, each compartment of which 
is fitted with series of vertical tubes which the unliquefied gases from the 
lower section ascend. Arrangement is made for surrounding these tubes 
with the various liquid fractions of the condensed gases, mostly liquid 
methane and liquid nitrogen, so that a progressively lower temperature 
is attained and finally only a certain amount of nitrogen and the helium 
remain in the gaseous state. The cold gases evaporating from the baths of 
liquid methane and liquid nitrogen pass out through the heat exchangers, 
cooling the incoming gases and themselves being warmed to atmospheric 
temperature. The final helium-nitrogen mixture is subjected to a further 
cooling by a bath of liquid nitrogen under reduced pressure or by some 
other means. Finally helium can be obtained from 70 to 95 per cent pure, 
depending on the efficiency of the process. 

Practically no natural gas is used up in the process and it is returned to 
gas mains for subsequent industrial or domestic use entirely unchanged 
except for the removal of the small content of helium. 


Research on Helium Extraction Processes 


Although the helium extraction processes closely resemble the well- 
known methods for the liquefaction and separation of oxygen from the air, 
the conditions of temperature and pressure to be employed, the solubility 
of helium in the various liquid hydrocarbon and nitrogen mixtures, the 
best design of apparatus, have all required much research in order that the 
highest efficiency of extraction might be obtained. Many scientific invest- 
igations of fundamental importance have been carried out by the United 
States Bureau of Mines and Bureau of Standards, few of which have been 
made public. 


PURIFICATION PROCESSES 


Owing to the leakage of air through the material of the gas bags in an 
airship it becomes necessary after a time to renew the gas. In the case of 
hydrogen it is discarded and replaced by a new supply. Helium is too 
valuable to be lost in this way and methods for repurifying it have been 
developed by the United States Bureau of Mines in co-operation with the 
Army and Navy authorities. Two methods have been adopted. In the 


1 For a general description of these processes for the production of liquid air and oxygen see— 
Claude: Liquid Air, Oxygen and Nitrogen, published by Churchill, London, 1913. 
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first, activated charcoal has been used which when cooled to a low temper- 
ature, absorbs all the impurities (chiefly oxygen and nitrogen) but does not 
retain the helium. 

Apparatus have been developed and installed in railroad cars, consisting 
of batteries of tubes containing charcoal together with the necessary liquid 
air plant, compressors, valves and connexions, so that a set of charcoal tubes 
can be cooled to about — 120°C, and the impure gas circulated until the 
charcoal has become saturated with nitrogen and oxygen. The helium is 
then put through a second set of tubes. Meanwhile the first set are allowed 
to warm up and after the impurities are pumped off, the charcoal is again 
ready for use. 

The second method is based on the fact that if the impure helium at a 
high pressure is cooled to the temperature of liquid air, the oxygen and 
nitrogen in it will liquefy out. Liquid air is obtained with an ordinary 
Claude apparatus. 

The impure helium compressed to about 1,800 pounds per square inch, 
after passing through heat exchangers, is circulated through a vessel cooled 
in liquid air. The impurities liquefy out and pure gaseous helium passes on. 
Further heat exchangers are used to secure the utmost efficiency. The 
ers of this operation can be made as low as $2 or $3 per thousand cubic 

eet. 


STORAGE AND TRANSPORTATION 


The storage and transportation of helium gave rise to new problems. 
Hydrogen required for airships is usually generated in a special plant for 
the purpose at the airship base and can be manufactured as required. For 
efficient commercial operation helium must be extracted continuously 
as near to the natural gas field where it is found, as conditions allow. It 
must then be stored and subsequently transported to the airship station, 
the location of which is determined by other factors. 

The usual method of storing industrial gases was first employed, that is 
in small steel cylinders at about 1,800 pounds per square inch pressure. 
But the great number of these required to hold a supply even for an airship 
of two or three million cubic feet capacity and the inevitable loss during 
storage through valve leakage rendered this method expensive and unsat- 
isfactory. 

After much investigation of the possibilities of storage in gasholders, 
and in mines, the problem has been successfully solved by the development 
of high pressure storage in large, steel cylinders. An installation has been 
built at the United States Naval Air Station at Lakehurst, New Jersey, 
consisting of steel cylinders, 46 feet long and 4 feet in diameter, made by 
hollow-forging from solid billets by the Bethlehem Steel Company. Each 
cylinder holds 65,000 cubic feet measured at air temperature and atmos- 
pheric pressure under a pressure of 2,500 pounds per square inch. 

As an extension of this successful method, a special railroad car has 
been built carrying three similar steel cylinders, 40 feet long and 4 feet 
9 inches in diameter, with walls 2 inches thick. When filled with helium to 
2,000 pounds per square inch this car has a capacity of 200,000 cubic feet 
of gas, measured at air temperature and atmospheric pressure. The cost 
of transportation has been very greatly reduced in this way. 
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COSTS OF EXTRACTION 


It has already been stated that until the development of the production 
of helium from natural gas, the only method for its production was by the 
treatment of certain rare minerals containing uranium, and that the cost 
was approximately about $1,500 per cubic foot. 

To-day the lowest cost per thousand cubic feet that has been obtained 
in the United States helium extraction plant at Fort Worth, Texas, is 
$24, or 2:4 cents per cubic foot. 

A most interesting and valuable account of the operation of the Fort 
Worth plant and the detailed figures showing the progressive reduction in 
costs from the initial figure of $500 per thousand cubic feet in May, 1921, 
down to $65 in January, 1924, followed by gradual improvement in oper- 
ation and the development of more efficient methods during 1925 until the 
low figure quoted above was obtained, was recently given hefore the Amer- 
ican Society of Naval Engineers by Lieut. Commander Z. W. Wicks?, 
and is a great tribute to the value of co-operation between the scientist 
and the engineer, and to the ability of the staff which directed and operated 
the plant. 

No plant has been operated in Canada on a sufficiently large scale or 
for a sufficiently long period to obtain actual costs of production from the 
natural gases available in Canada. However, from the operations of the 
small-scale experimental plant in Calgary now under the direction of Mr. 
J. Patterson in 1919-1920, Prof. J. C. McLennan estimated that helium 
could be produced on a commercial scale in the Bow Island field for $100 
per thousand cubic feet. 

The cost of extraction depends on a number of factors, the chief of 
which is the helium content of the gas under treatment. Unfortunately, 
with one exception, there are no large supplies of natural gas available in 
Canada with as high a helium content as the United States commercial 
sources possess. Also there are no centres of population near the richest 
Canadian helium-bearing gases that could consume the large quantities of 
natural gas that would have to be treated to secure the minimum of oper- 
ation costs. | 

The Canadian gases differ in composition from the United States gases 
that are at present treated, as they contain a much larger proportion of 
methane and much less nitrogen. What effect this would have on the pro- 
cesses of extraction, particularly on the costs of operation, is not known. 


(N 1 vin), . W.: Six Years with the Navy in Helium Production, Jour. Amer. Soc. Naval Eng., Vol. 371, No. 4 
ov., ; 
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